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When  aovemMnt  drswlngs^  specif leat Ions,  or  other  data  ere  used  for  soar 
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aay  haes  foraulated,  furnished,  or  in  any  vey  supplied  the  said  drawings, 
specifications,  or  other  data  is  not  to  be  regarded  by  iJ^lication  or 
otherwise  as  in  any  asnner  licensing  the  bolder  or  any  other  person  or 
corporation,  or  conveying  any  rights  or  pemission  to  aanafaetur,  use, 
or  sell  any  patented  invention  that  say  in  any  way  be  related  theeeto. 
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report,  the  Inforaation  herein  is  tentative  and  subjected  to  changes, 
correct ions,  and  aodiflcations. 
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ABSTRACT 


This  is  the  fourth  quarterlor  report  In  a  prograa  designed  to  collect  and 
dlseealoate  prerlously  uz^ubllshed  oaterials  data  obtained  during  recent 
years  by  Chance  Vou^t  Corporation.  The  Inforaatlon  contained  In  this 
report  consists  prlaarily  of  physical  property  data  on  soae  engineering 
Materials.  Althou^  physical  property  data  is  of  prloaxy  concern  in  this 
report,  there  is  bomb  Infoxnaatlon  presented  on  oechanical  properties. 

Materials  covered  in  this  report  are  ablation  aaterials,  electrical  coat¬ 
ings,  flberglas,  graphite,  laalnates,  potting  cospounds,  steel  and  zlrconla. 

This  is  VolujK  II  of  a  three  voluae  report,  the  reaainlng  voluaes  are  as 
follows: 

VoluB*  I  -  CVC  Report  Ho.  2-55^20/2R373  "Mechanical  Properties  of  Soae 

Engineering  Materials  -  Ut^ub- 
lished  Data  Froa  Coiqpany  ^wnsored 
Frograas" 

Voliuaa  ni  -  CVC  Report  10.  2-53*>20/2R375  "A  Correlation  of  Properties  for 

Various  Fonsulations  of  Sintered 
Zlrconla  -  Unpublished  Data  From 
Coapany  Sponsored  Program" 
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scRiamR}  or  abjoxov  imrbials  »  a  te  kv  rjibma  jd  ubi» 

THE  C0U>  mis  SHDBLD  NOVZK  SPKIKBI  nCBECQUI 


mCWDDDCglW 

Aoeoardlac  to  tte  litox«tuv«,  nlafOreoA  fUastie  ohiUt  AM-rtloa 

cAtfMtorlstles  cmgtiblM  of  wlthotoadlBg  OBtar—  tMqporatuxo  for  ohert  pailoAo 
of  tlM. 

OBJECT 

To  dotondM  tho  oblatloo  ehuTMtorlatieo  of  a  grcntf  of  miiifonaA  glastle 
■atorlala. 

COBCUBKEB 

As  aboan  bjr  tbo  mj  Q*  aalua  (ablaition  offielOBsy) ,  ttaa  evoas^ly  laal- 
aatod  quarts  phonoile  0810*101  la  avvorlor  to  all  othar  aatorlals  tootoA 
twUt  tho  eondltlaoB  of  thla  onraluatlon. 

PROCEDURE 

All  aporlowMi  vara  toatoA  la  tbo  ^  KH  pi  a—  Jot  with  aa  8o^  altwipaa, 
oaypaa  (paa  olztura.  Tba  ta^otvan  tloa  aaa  120  aoonaJa  at  aa  laeldoat  flux 
of  290  BTU/ft^-aoeoni. 

MATBOALB 

1.  R«120  pbOBOlie  roala  -  Coaat  Nff .  and  Svvpljr  Co. ,  lAmxmarn,  Callfonla. 

2.  iSl  flborglaaa  r-120  phOBoUe  pra<pra0Ht«d  -  Coaat  Mfg.  aaA  Supply  Co., 
Llaaaaora,  CalifomLa. 

3.  98l/l2<00  flbar  gaarti  olotb  •  Hoaa  OoUaalth  aaA  Co.,  lae.,  Mv  Toxk,  E.T. 

k,  C«100-29  rafiraail  cloth  pbaooUe  loA  •>  H.  I.  Tbeapaoo  Flbar  Qlaaa  Co., 

1733  Cordora  Straat,  Loa  Aapaloa  7,  Callfootala. 

9.  Flbarglaaa  phaaolle  rsAj  foraioa  FF-3^  -  Ptaadaid  Parta  aaA  EvuljMat 
Coiporatioa,  90^  Earth  Mala,  Ft.  Worth,  TaatM. 

6.  Flborglaaa  alllooa  rot  •  H.  I.  Thovooa  Flbor  01  aaa  Co.,  Loo  dagoloa.  Cal. 

7.  lyiaa  cloth  -  Walllagton  8oarB,MSaa.  Mart,  Dallaa,  Taaoa 

8.  Choppod  flborglaaa  r-122  phoaoUe  ->  Coaat  Nfg.  aad  Supply  Co. ,  Loa  Aagaloa 
9*  MC-ISOI  eonade  flbor  rolafOreod  pbonlio 
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10.  MX -13^-67  quartz  flb«r  rednforced  phaaoUe 

11.  MX -1370  graphite  and  ceramic  fiber  reinforced  phenolic 

12.  MX -25^9  quartz  fiber  zirecxiiua  oxide  and  carbon  reinforced  phenolic 
13 •  MX -2625  silica  fabric  reinforced  phenolic 

l4.  MX-2630  graphite  cloth  reinforced  phenolic 

1^.  2630a  graphite  cloth  and  mineral  filler  reinforced  phenolic  -  9  throxigh 

15  -  The  Fiberlte  Corporation,  VM.uona,  Minneeota. 

SPBCIMaB 

The  specimens  vere  noldsd  into  a  l/2  inch  diameter  rod  configuration.  The 
specimens  fabricated  at  CVC  were  molded  in  a  Carver  laboratory  press. 

Molding  conditions  are  abovn  in  Table  I. 

RESULTS 

The  test  results  are  presented  in  Table  II. 
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TabLis  i 


.-Rinijl©  Description 

Specie»n 

NuirbfT 

■ 

'  phenolli;  Kesln 

1 

None 

1  ; 

,  500 

;  r'  '  «  M  OV  #nr. '  n 

;rcse  Ply 

'  1 

!  5  CO  1 

1  yiiaj'ts  P!;eno.. Ic 

a 

> 

Gross  Ply' 

1  500 

1  i^frasll  PherioUc 

l4 

Cross  Ply 

' 

•/£ 

;  0}a5B  Phenolic 

1 

c 

Rolled  vertical  Ply 

, 

VK 

'Glafc  illicoi. 

6 

Polled  vertical  Ply 

^  VE 

N''lon  Phenolic 

7 

CroBE  Ply 

500 

,  ■  .'.opped  ftiasr  labrlc 
j  p;.eni.>lic 

o 

nandon 

5UO 

OT'TV*'^  quRrt*  c^hrl  r 

i  p.-.enollc 

0 

hp  r'''om 

500 

Quaxra  fiber  phenolic 

1C 

handom 

500 

hopped  silica  fabric 
phenolic 

11 

P.andoB. 

500 

1 

lerar.ic  fil>cr  phenolic 

12 

PandoiL 

500 

"  upjed  graph  i  e  ciuth 
p.  ©nolle 

15 

random 

50U 

; 

■'.'opi)ed  graphite  cloth 

Tsljkii 

14 

Randoa 

500 

- 

■  Iraphite  ceraral  r-  fiber 
pheiiolic 

1  ^ 

500 

..  4... 

1 1 

1  4 

3’ 00 

1 

i 
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Table  i. 


Seinforcewiit 

Direction 

i  Moldine 

i  Temperature  *F  i 

Mild  1  rig  1 

Pressure  PSI  i 

Molding 
Time  MM. 

^ton* 

1 

500  i 

- 1 - 

1000 

50 

.,1:05?  Ply 

'  i 

;  5  Gv'  ; 

1000 

50 

Gross  Pli^ 

500 

1000 

50 

CroBs  Ply 

' 

'/EKDOH  FABKIGA'ITID 

Soiled  Yertlcal 

Pij 

1 

'/BJiDOR  FABRICATED 

Rolled  vertical 

Ply 

mTX»  FABRICATED 

Gross  Ply 

500 

1000 

50 

Bandon 

5lkj 

1000 

1 

1 

50 

Raridon 

500 

1000  1 

XA 

Random 

500 

1 

1000 

50 

Random 

500  : 

1000  1 

1 

1 

50 

Random 

500 

1000  ' 

50 

Raadom 

500  ; 

iooo  1 

! 

50 

Random 

500 

1000  i 

1 

50 

500 

1000  i 

1 

50 

RciiiuOGi 

1 

1000  1 

50 

TABLE  II 
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40  KW  PLAflMA  JET  BCF08URB8  IH  80^  mTOOCSHI  20^  OXTGHI 


Pinal 

Welgjit 

Wel^t 

Loss 

.  .OBSij  _  . 

Weight 

Loss 

Qns/Sec 

Initial 

Len^^ 

In. 

Final 

Ldss 

In. 

Length 

Loss 

In. 

BTU/Lb. 

Optical 
Heap.  ^ 

4.6^9 

2.2347 

0.01862 

1  3/4 

1  1/4 

1/2 

8,303 

3840 

8.2576 

3.4874 

0.02906 

1  15/16 

1  3/8 

1/2 

5,320 

3340 

12.5124 

0.1625 

0.00135 

2  3/8 

2  3/8 

0 

u4,520 

3160 

ID.  2386 

0,1851* 

j  0.00155 

i  15/16 

1  15/16 

0 

99,740 

3180 

7.6094 

2.7010 

!  0.0225 

2  3/4 

2  1/16 

11/16 

6,871 

3340 

13.4511 

i  4 ,0708 

I  0.03392 

2  7/8 

2  1/8 

3/4 

4,557 

3000 

4.7777  i 

! 

i 

2.9790 

j  0 .02309 

a  i/a 

1  5/16 

1/2 

6,444 

3260 

! 

1 

1 

7.57674 

4.85301  1 

1  1 

1 

O.o4o44  ; 

1 

1 

2 

1 

1  3/16 

13/16 

38,229 

3500 

L4  .22560 

1 

0.22012 

1 

0 .00183 

2  11/16 

! 

'  2 11/16 

0 

84,461 

3080 

L3. 66622  1 

0.26126 

0.00218 

2  1/2 

2 1/2 

0 

70,917 

i 

L5. 56697 

0.17077 

0 .00142 

2  3/4 

2  3/4 

0 

88,732 

3050 

J.. 96858 

2.96979  \ 

i 

0 .02491 

2  3/4 

2 1/4 

1/2 

62,063 

3360 

JL.  60514 

1 

1.29088  i' 

1 

0.01076 

2  15/16 

2  3/4 

3/16 

14,368 

3460 

B 

0.94297  1 

1 

0.00786 

2  13/16 

2  3/4 

1/16 

19,669 

3100 

7.96890 

0.85435 

0.00712 

3  V8 

3  1/16 

1/16 

21,713 

3060 

n.^tonkA _ 

_ 2JL3/Ji _ 

-  .3  13/16 _ 

Q _ 

—51*903 - 

PhTSleal  Pzopntlw 
ELaetrieal  Coctlag* 


EVALUmOH  OP  PROTETJVii  SLBCTRICAL  COJaWGS 

orRODocnoii 


ELactroBle  circuits  fuaetioB  nor*  mllably  nhMi  protoetad  frab  oolstur*, 
corrosion,  fungus,  and  dirt.  This  protaetlon  asp  bs  obtainsd  hy  coating 
alsctroalc  circuits  with  sMtsrials  possassing  sxiitabla  slaetrieal  and  physi¬ 
cal  prqpsrtles.  Various  protsetiv*  aatarlals  bar*  boon  serssnad  at  CVC  for 
us*  on  tonninal  and  printad  circuit  boards.  Of  tha  aatarlals  seraanad, 

PR  90^  and  Sceoeoat  VS  appaar  to  satisfy  tha  aajorlty  of  tha  dasirad  propar- 
tias.  In  addition,  a  now  product,  FB  796  (prarlously  XMC45-id.),  appoarad 
vary  proBising  in  prallatnary  tasts  and  is  also  avaluatad  harein. 

OBJECT 

To  datandna  tba  bast  matarlal  for  usa  la  protacting  printad  circuit  and 
tcndnal  boards. 


CMICLUBION 

All  the  aatarlals  tastad  appaar  to  ba  satisfactory  for  this  purpose.  Bash 
aatarial  has  caitaln  advantagas  and  disadvantagas  over  tha  other  tao.  Proa 
a  production  standpoint,  honaver,  FB  796  and  Bceocoat  VS  were  favorad  be¬ 
cause  of  thair  longer  voicing  tisMs. 

M/gSRIALS 

PR  905  protactlra  coating  aatarial,  aanufaeturad  by  Products  Raeaareb  Co., 
3126  Los  Palis  Blvd. ,  Los  Angelas  39,  California. 

Eccoeoat  VE  coating  aatarial,  awnufacturad  by  Efewraoo  &  Ctadng  Corporation, 
869  WashiagtoB  Stiwt,  Canton,  Mass. 

PS  798  coating  aatarial,  aanufaeturad  by  Coast  Proaaal  Co.,  Loa  Angelas, 
California. 


PROCEDURE 


I.  Physical 

a.  Specific  Gravity;  Specific  grsivlty  vas  dstarsdnad  by  water  dis- 
placanant  aetbod  by  tba  foUoving  foxaula: 

Specific  Gravity  -  _ _ 

(Weight  in  Air)  -  (Weight  in  Water) 

b.  Water  Abeoiptioo;  Three  spaciaans  of  each  aatarial  vara  prepared 
as  follows : 

A  10  mil  film  vith  an  area  of  2  aq.in.  was  east  on  a  2  3/8  is>  x 
2  in.  X  0.064  in.  alodlnad  707^-T6  alwinua  paxial.  Tha  spaeiaan 
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Pbarsieal  Prop«rti«s 
Elaetrleal  Coatings 


panals  wsz«  vsighad  to  the  nearest  0.1  ellllgraB  hefore  and  after 
application  of  the  coating  eaterlal.  The  epedaens  sere  totally 
suheerged  in  distilled  eater  at  rooa  tenperature  for  hours. 

After  the  soak  period  the  speeinens  eere  renored  froa  the  eater, 
hlotted,  and  reweigbed. 

Adhesion;  Three  speeiaeos  of  each  naterial  eere  prepared  per 
paragraph  6.9,  reference  (a).  Boodline  thickness  eas  held  to 
approximately  10  alls.  Tall  material  vas  6<-ounees  Pynel.  Panel 
material  vas  3/3^"  MIL>P-l8l77  laadjiated  bosurd.  Each  speelaen  vas 
tested  in  90*  peel  cox  a  Scott  tester  Jaw  separation  of  2"  per 
minute. 

d.  Lov  Temperature  flexibility;  Three  speeinens  of  each  suterial 

vere  prepared  by  applying  a  lO-odl  fila  on  1"  x  6"  x  O.06U"  alodined 
7075 -T6  aluainvn  paxials.  The  cured  speciaens  vere  soaked  at  -65*P 
for  2  hotirs.  While  still  at  -63*P,  the  sped  nan  oeds  vere  deflected 
1/8"  froo  the  center  plane. 

e.  Cycling;  Three  specimens  of  each  material  vere  prepared  by  applying 
a  lO-sdl  film  on  the  circuit  side  of  printed  circuit  boards  (MIL-P- 
18177).  After  curing,  each  specimen  vas  given  five  test  cycles. 

Each  cycle  consisted  of  the  folloving; 

1.  Humidity  One  hour  in  bvnldlty  chambers  at  92^  relative 
humidity  and  l60*F  tengpcratuxe. 

2.  High  tes^erature  -  one  hour  at  300*P 

3.  Lov  tenperature  -  one  hour  at  -63*P 
II.  SLeetrlcals 


a.  Insulation  Resistance  ( $00  VTK ) :  Nine  specimens  of  each  smterlal 
vere  prepared  as  foUovs: 

Tvo  bare  #20  JO/G  copper  vires  vere  dipped  to  a  depth  of  one  inch 
in  the  canqpound  being  tested.  Wire  apaclog  vas  maintalaad  at 
10  nd.l8  and  the  coating  thicloiasa  on  the  outside  of  the  copper  vires 
vas  10  mils.  Insulation  resistance  vas  deteraiited  on  the  cured 
specimens.  Three  specimsns  of  each  material  vere  subjected  to  each 
of  the  folloving  envirxmaental  conditions; 

1.  Humidity;  SSf)  relative  humidity  at  l60*F.  Specimens  vere 
then  removed  from  chamber  to  measure  insulation  resistance. 

2.  High  Taaperature  (300*F);  Specimens  vere  testsd  vMle  in  the 
oven  at  300*F. 

3.  Lov  Temperature  (  -6?*F)  ;  Speelawns  vere  tested  in  cold  box  at 
-65’F. 


Physleal  Propartlas 
Elaetrloal  Cootlngi 


Insulation  raelstanea  of  aaeh  spaeioeii  was  oaasurad  at  2«hoar 
intarvals  for  a  total  (KT  8  hours  at  aaeh  condition. 

c.  Volvy  and  Surface  Rasistirity;  Voluaa  and  surface  resistivity 
vas  detexnlned  on  approxlsutely  lOnd.!  thick  speelncns  cured  on 
l/lf"  alumlnuB  plates  per  MIL<45-d$l6. 

d.  Dlelectrie  Strength;  Two  speelnans  of  each  aaterlal  10  and  20  nils 
thick,  respeetiv^y,  ware  prepared  on  a  non-adheruit  surface.  Di> 
electric  strength  was  detemlnad. 

RB3ULTS 

Results  of  the  test  appear  in  Table  I. 
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TABLE  I 


BVAUMtnOB  or  PHOTiCTTVB  RI^ECTRICAL  CO/ffl 


DISLBCTRIC  8TRBDTH 

0  BO  ToarrvTirv 

O.C.  IHSULATICaS 

RB3ISTAHCS 

MiKmiAL 

6JMPLB 

SAMRJt 

VOLT/KIL 

THICKirEBS 

(in.) 

Voliaae 

(0EK>CM) 

Siirfaee 

(OHM) 

THICKHBBS 

As -Received 

After  8  h 

Boeoeoat  7E 

250 

0.020 

0.63b 

X  IOI2 

e.kh 

X  10^^ 

0.013 

XIOI2 

50,000 

Beeoaoat  VS 

aio 

0.008 

0.785 

X  10I2 

7.85 

I 

0.015 

50,000 

Beeoeoat  VS 

810 

0.008 

♦ 

- 

- 

50,000 

Soooeoat  VS 

935 

0.008 

50,000 

ra-905 

870  870 

0.023 

11.62 

X  1CA2 

r'  - 

X  lO*-^ 

0.01^ 

PR-905 

1075 

0.013 

23.1 

X  lol^ 

L  _ 

12.55  '  0.018 

X  10^  1 

PB-796 

905 

0.021 

10.1  i  8.4U 

X  i>i2  ;  X 1012 

0.019  ;  50,000 

2 

PB-796 

1250 

0.010 

11.32 

X  1CA2 

7.59 

X  10^ 

0.018 

50,000 
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PBOPKECnaS 


WteSKUiL 

spBcrnc 

GRAVITY 

Vatar 
Absorftioo 
g/sd.  in. 

T - 

ADHB3I0K 

Ib/ln. 

-65*7 

Flex. 

. 

CYCLIBO 

leaooeat  VS 

1.0387 

0.0116 

10  AF 

Passed 

Deo’keoed 

Hardened 

PR-905 

1.0702 

0.0058 

0  AP 

Passed 

Slight  darken¬ 
ing;  hardened 

PB-790 

1.036 

0.002l» 

7  AF 

Passed 

Darkened 

Hardened 

(l)  Coast  Praseal  Clalns  to  hsro  elinl- 
aatad  tha  air  aBtrapaant  problan. 
This  fact  muB  aviSanead  by  a  later 
ao^a. 
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r  ' 
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t 
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i 
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1 

- 
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t- 

• 

•a 
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3 

1 
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i 

-t . 

C 
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20 
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! 
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1 
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SAMPLB 

Dielectric 

Power 

1  Dielectric 

Power 

THICKHHS8 

Caastant 

;  Factor 

Ccxistant 

( 

'  Factor 

2.73 

‘  0.1085 

2.cy5 

i  0.065 

0.013 

n.au 

0.0930 

3.3T 

0.061 

0.015 

4.43 

U.OI55 

3.79 

‘  0.049 

1 

0.014 

3. -.2 

0.0158 

3.19 

;  0.056 

0.013 

5 . 37 

0.0460 

3.71 

t 

0.1135 

0.019 

0.0530 

4.31 

1 

i  0.065 

! 

i  o.oiB 

I"  ' 
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i 


i  Clear 
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[ 
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hY 
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1 

a 
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l'5“F  nr  i  nour 
Qt  150"? 

' 
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i  ! 

j  i 
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Ht  I30*F 

t 
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i 

Oood 
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i 
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PhjBlcftl  Properties 
Plberglsss 


THERMAL  COSmiC'fmTr  OF  BGHETCOMB  SAHDWICH  FAUBS 
IWTKBUCTLtm 

In  order  to  retard  heat  bulldi9  froa  aerodynsalc  beating,  a  pirotectlre  lov 
eonductlvltj  structure  Is  beneilelal.  "So  establish  criteria  ftar  design,  the 
tberaal  cooduetance  of  proposed  saterlals  aust  be  detezalned.  Tbe  purpose 
of  this  test  Is  to  determine  the  themal  conductance  of  fiberglass  honeycomb 
structure. 


OBJECT 


To  determine  the  themal  conductance  of  tvo  fiberglass  honeycomb  specimens 
vlth  different  face  thicknesses  and  the  same  overall  thickness. 

CCKLOSIOH 


Ihe  thermal  conductance  increased  vlth  incresised  Ihce  thickness  (decreased 
core  thickness).  Apparently,  aost  of  the  insulation  effect  of  the  honey> 
coab  saxKlvleh  Is  due  to  the  core;  hence,  a  thinner  core  has  a  lover  insula¬ 
tion  value  (higher  condnetance)  for  a  given  overall  thickness. 

PROCEDURE 


1.  Fiberglass  Reinforced  Ibenolic  Boneycosb  Fabrication 

A.  Skin  Fabrication 

The  foUovlng  lasdnates  were  laid  vp  parallel  to  the  varp  and 
cured  at  yx^. 

(1)  One  6-ply  F- 120-11  9"  *  17" 

(2)  One  3-ply  F-120-11  9"  x  17" 

(3)  Two  1-ply  F-120-U  9"  x  17" 

B.  Core  Preparation 

Two  9”  X  17"  3.^  pound  density  HBP  flberglaas  reinforced  phenolic 
cores  were  allied  to  the  foUovlng  thicknesses  respectively  - 
0.116"  and  0.lJ»6". 

C.  Sandvlcb  Fabrication 

PatMls  were  fabricated  by  bonding  the  skin  laminates  to  the  core 
sections  using  Blooningdale  Rubber  Cosgpany  B2k2h  Adhesive. 

One  surface  of  each  core  section  was  the  one  ply  skin.  Tbe  six 
ply  laminate  was  bonded  to  the  0.1l6  core  and.  the  three  ply  laal- 
nste  was  bonded  to  the  0.1U6  core,  thus  the  overall  thickness  of 
both  specimens  was  approxlmstely  the  seme. 
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n.  IharaAl  Conductivity  Measttreaents 

A.  The  thenml  conductance  of  all  siweloens  vas  ■sasured.  on  a 
guarded,  hot  plate  appauratus  conforalng  to  AS1MC-I77>h^. 

B.  The  guarded  hot  plate  unit  consists  of  a  central  aetered 
beater  section  four  Inches  8q.uare.  nils  section  Is  heated  by 
a  chroael  "A"  resistance  vlre  of  approodastely  19~<diBS  re> 
slstance,  mxlwna  vattage  Is  apporosdaately  720  uatts  at  120 
volts.  A  1,000  vatt  guard  heater  sectloi  surrounds  the  central 
heater  section.  A  1/8”  air  separates  the  guard  and  central 
beater  fhce  sections.  A  precise  teagperature  balance  betaeen 
the  aetered  and  guard  sections  Is  achieved  by  a  Brown  drive 
aapUfler  actuated  by  a  differential  themocouple.  The  drive 
aagpHfler  regulates  an  autotransfioraer  supplying  power  to  the 
guazd  x^ng  heater.  This  oaintains  the  saae  teopexature  in 
both  the  netered  guard  sections. 

C.  IdentlcsJ.  speclaens  of  the  honeycoab  panels  were  placed  on 
each  side  of  the  hot  plate  with  the  thicker  face  of  asieh  penel 
toward  the  hot  plate.  The  outer  faces  of  each  speclnen  were 
cooled  by  8"  X  8”  square  water  cooled  copper  cold  plates. 
Iron*constantan  themocox^les  were  attached  to  eadi  spedaen 
face  with  catalysed  epoxQr  resin  or  ceraadc  ceaent  (Rusco  7^)« 

Intlaate  theraal  contact  of  the  spedaen  face  and  haater  sur¬ 
face  was  achieved  by  Insertion  of  soft  asbestos  p^per  layers. 

The  cold  surface  Interlayer  was  also  asbestos  In  the  first  test 
of  this  report  but  was  changed  to  alualnua  foil  when  It  beeaae 
apparent  that  Inadequate  cooling  resulted  froa  use  of  asbestos 
Inserts  at  the  cold  face. 

Sufficient  power  was  applied  to  the  central  haater  to  aalntaln 
the  desired  tenperature  differential  between  hot  axid  cold  faces. 
The  systen  was  allowed  to  coae,  to  themal  aqullibrlua,  and 
neasureaents  were  nade  on  the  hot  and  cold  face  tsavsKadUires'- 
as  well  as  the  power  Ix^t.  Theraal  conductivity  *1^  was  cal¬ 
culated  as  follows: 


Where:  - 

K  ■ 


q  * 

1  - 

A  * 
T  * 


The  theraal  conductivity  In 
BTU  -  In. 

power  input  to  central  heater  In  BTO/br. 
thickness  of  spedaen  In  inches 

arqa  of  the  central  heater  (both  hot  faces) 

the  temperature  differential  betwaen  the  hot 
and  cold  facecf  the  spedan  (average) 


lO 


RESULTS 


Test  data  are  recorded  in  Table  I  suid  fr^ks  I  and  n. 


•use 
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Hqrslcal  Properties 
Graphite 


THERMAL  SHOCK  TEST  OF  CQABSD  GRAPHITB 

mmoDucnoH 


The  purpose  of  this  evaluation  is  to  determlae  the  thermal  shock  resistance 
of  siliconized  coated  ATJ  graphite. 


OBJECT 


To  determine  if  siliconized  coated  ATJ  graphite  can  resist  a  thermal  shock 
rate  of  150  degrees  per  second  when  heated  from  room  tei^perature  to  5O0p*P 
and  also  resist  rapid  cooling. 


CONCLUSION 


Siliconized  coated  ATJ  graphite  can  resist  a  thermal  shock  rate  of  150  degree 
per  second  when  heated  from  room  teiQ>erature  to  5000*F  and  also  a  rapid  cooling 
rate  of  k3.5  degrees  per  second  from  5000  to  2000*7. 

HROCSWJRK 


All  thermal  shock  testing  was  performed  in  the  ko  KW  Plasma  flame.  Teiqperatures 
were  measured  by  radiation  pyrometer  and  times  were  determined  by  stop  watch. 

The  specimens  were  rods  of  ATJ  graphite  l/2  inches  in  diameter  and  1  l/2  inch 
long  which  had  been  siliconize  coated  at  Rational  Carbon  by  the  pack  diffusion 
process. 

Specimens  Number  5  and  7  were  preoxidized  for  5  minutes  at  5000*F  in  tte 
plasma  flame  using  a  gas  mixture  of  doft  nitrogen  and  oxygen. 

The  specimens  were  examined  and  weighed  before  testing  for  thermal  sho'Sk. 

The  pre-oxidation  treatment  caused  blistering  of  the  surface  contamlnStfion. 

The  specimens  were  exposed  to  a  thermal  shock  rate  of  150  degrees  per  second 
from  room  teaqperature  to  5000*F  and  cooled  slowly.  Examination  of  the  speci¬ 
mens  revealed  no  detrimental  effects  to  the  coating. 

Specimens  Number  8  and  12  were  heated  slowly  to  5000*F  in  the  plasma  flame. 

The  flame  was  extinguished  and  a  cooling  rate  of  h5.5  degrees  per  second 
from  3000  to  2000*F  was  determined.  Inspection  of  the  specimens  after  testing 
revealed  no  detrimental  effects  to  the  coating,  however,  some  blistering  of  the 
surface  contamination  was  observed.  Ihe  specimens  were  then  heated  to  2000*F 
for  1  hour  in  the  Cooley  furnace  as  an  oxidation  proof  test.  The  small  weight 
loss  is  negligible  and  can  be  contributed  to  the  oxidation  of  surface  con¬ 
tamination  on  the  specimens. 

RESULTS 

The  test  conditions  and  weight  changes  are  found  in  Table  I. 
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0  OP  SIUZOnZED  COAXES)  ATJ 


PbonlMl  Piopaortiw 
Onqpklt* 


aznMCEOi  wALOflno  cr  cojsd  oBAmn 


Yba  pugpoaa  of  thla  ovoluatloo  Is  to  Astsndos  tbs  high  tosporstiirs  ospbhilitios 
of  siUeooisaA  eootsA  MU  gnqphlts  ia  m  naddtiiwg  ateosfliovs. 

Flftoso  I'lash  cabs  syoslMos  of  MU  gnpblto  slUfwisoB  bj  tbs  loklsBol  Csztaa 
fosk  ALffusloa  pawesis  aoA  four  l<4aob  subs  sfsslows  of  MU  cnfldto  slllesHlssd 
bf  tbs  Botioosl  CoxboB  yoek  dlffusloo  psossss  bat  with  a  light  grssB  fnstp  snr- 
fses  wsrs  sitelttod  to  tbs  Strueturss  Matsarlals  Labomtoory  for  this  iasootlgo- 
tioo. 


objb:t 

To  dstsmlns  tbs  oKldstloo  roslstaaos  of  sUlooolsod  eostod  gragblto  at  ols» 
▼stod  tsagisrsturso. 


CCaUBIOB 


Tbs  slUooBlsod  MU  gnphlts  oostsd  bgr  tbs  Istlooal  Carboo  pask  diffnsloa  potoesss 
irideh  fomsl  a  bats  aiUodo  eaxblda  ooattag  did  oot  oaldiaa  ahao  arpnasB  to 
3300*r  for  1  hour  la  ao  air  ataoapbora. 

Tba  alii  coal  sod  MU  grapblta  eoatad  bgr  tba  latlnaal  Caxboa  pack  diffuaioa  proeoaa 
ubieh  fozaad  a  ooatiag  vitb  bats  slllaoa  aaibida  aa  tba  aa^  coaatltoaat  aad 
alpha  slliaoo  oarbids  aa  tba  alaor  ooaatltuaat  sboaad  aoaa  ooddatioa  akaa 
axpoaad  to  3300*7  for  1  hour  la  aa  air  ataoapbara;  boaarar,  tba  oocldatiOB  did 
aot  paaatrata  tba  alllooalaad  ooatiag. 


PBXKDOBX 


Tbs  apanlaana  wars  aai^iod,  pbotograpbad  aad  XHrayad  bafors  oad  aftar  aaeb  taat. 

A.  SpaslBoa  Bo.  1  asB  tastod  la  tba  plaaaa  flaas  vltb  a  gaa  aiatura  of  Boft 
altrogaa  aad  20)(  ooqrgai  at  3000*7  for  10  aiautao.  Tba  flov  of  fraa  aurfaaa 
anatilaatlaa  aaa  abaarrad  at  gppPMrtaataly  2200*7  aad  coatlauad  tbrougbout 
tba  durotloa  of  tba  taat.  Tba  grapUta  apaelBoa  did  aot  oaldiaa,  baaaaar 
tba  slight  aalgbt  gala  aas  eoatribotad  to  tba  oaldatloa  of  tbs  trm  aoa- 
toaiaatlaa  oa  tba  aurfSoa.  Bo  datrlaaatal  affoeta  to  tba  ^aelsMa  aara 
sbooB  bj  X<-nj  aani  jsts 


B. 


Bo. 


aojr* 


duratioa  of  tba  taat. 


la  tba 

at  3900*7  for  10 
obaarvad  at  2200*7  aad 
It  sbauld  ba  aatad  tlwt 
OB  tba  aidaa  of  tba 


altb  a  gas  alatura  of  Baft 
Tba  flov  of  tba  oarfbea 
oootlaaod  tkiou(0Maid  tba 
bilWhIlag  at  tlds 


>0 


tte  spwlMB  »M  ooal«A,  tba  bubblM  MllALfl«A  iMvlac  on  tb» 

•urfaoc.  Tb*  cnplt*  ■p»ei—i  did  not  floddlM,  hPWTwr  tte  •110*  mlcM 
gain  IMS  e«Bt3rlbut«d  to  tte  ooddadloM  of  tbo  eoit—liMttlMi  of  tbo  surfM*. 

Vo  dtri— tsl  oftoetB  to  th*  svMlMn  swrs  obom  bgr  X-mgr  aadUsis* 

C.  SpoeisMB  Bo.  5  aad  Vo.  17  voro  tmtoA  la  tte  floM  with  •  Mxturt 

of  8(0  BltxoflM  aad.  2(0  oajrfsn  at  330(ff  for  30  alautea.  SvaelMa  Bo.  3 
had  a  oosting  of  teta  aajor  aad  al|ba  alaeir  ailieoB  eaxlilda.  Ttaa  flav  of 
aurfaea  oowtaariaatlaa  ms  again  ehaaraad  at  22O0^F.  Tha  haatad  torn  of  tte 
•paelaan  ooatalnad  aaall  oocLdatloo  pita  aliiah  had  not  paaatratad  tte  eoatlag. 
A  8110*  aalght  gala  ana  aaaaumd  telah  aaa  dan  to  tte  oalAatlon  of  tte  aur- 
faoa  oaotaainatloa.  Tha  surfaoa  pita  aava  aridwt  tor  Z-ngr  analyala. 

Spaelaaa  VO.  17  had  a  eoatlag  of  bata  siUacB  oaxhlda.  Bo  osldatioa 
oeeurxad  duriag  tasting.  Tha  slight  walgte  loaa  la  dua  to  tte  valitaliaa- 
tloa  of  tha  surfaea  eantaniaatlaa.  X-mar  saaljaia  shoaad  ao  dartrlaaatal 
affaets  to  tte  spaaiaann. 

SpaeJjBoa  Bo.  17  «••  suparlor  to  SpaelMn  Bo. 

D.  SpadJMB  Bo.  9  and  Bo.  l6  aara  taartad  in  tte  graphita  raalstaaca  fuzaaea 
for  1  hour  vlth  an  air  ataoaphara.  SpaelsMa  Vo.  9  abioh  had  a  bata  aaijor 
and  alpha  adnor  sllioon  eartdda  eoatiag  aoddbitad  aavara  bllstariag  oa  tha 
surfaoa.  Tte  bllstara  ooaro  raaioaad  froai  ooa  fnea  of  tha  qpaalMai  raraal- 
lag  pit  ozidatloa  of  tha  spaolnaa  surfaea.  X-nj  analysis  ravaalad  tte 
pxasaaea  of  tha  pit  oxidatioa  tMiar  tha  surfaea  bUstars. 

SpadnMn  Vo.  l6  had  a  bata  ailieen  eaztida  ooating.  This  gn^hlta  apaei* 

■an  did  not  oaddiaa,  boaavar  a  all0*  saight  ineraaea  worn  found  sbiah  saa 
dxM  to  tte  oaddatioD  of  tte  eoataataatloa  oa  tha  surfaoa.  X»Tay  analysia 
shoaad  no  datriaantal  effSeta  to  tte  spadsaa. 

SpaeLaan  Vo.  l6  «ith  tte  bata  silioan  eaitida  ooatlng  saa  suiparlor  to 
SpselMan  Vo.  9  ableh  had  tte  bata  aajor  alpha  Minor  alUaoM  eaztida  aoatlng. 

E.  SpaelMsas  Bo.  10,  11,  19,  and  id  sara  tasted  in  tte  sireoaia  pot  fnraaea 
for  1  hour  with  an  air  ataoaphara.  VpaelaNaa  Bb.  10  Msd  Vo.  11  ahieh  had 
tte  bata  aajor  alpha  at  nor  sUIoob  eaztida  deoating  aztilbltad  aaaara  blla- 
taring  oa  tte  surfaea.  Tte  surfaea  •oattsadnatloa  aas  maorad  zanraallng 
pit  oxldatlOB  oa  tha  ■paBlaan  surfaea.  It  should  be  noted  that  tte  pita 
did  aot  paawtrata  eoaplataly  through  tte  ollieoMiBad  eoatlag.  Spaciaaa 
VO.  10  had  a  aalght  loss  of  sed  UpanlMoa  Bo.  11  had  a  JMigte  loos  of 
3.t0.  Ihlsaalgbt  loaa  aas  dua  to  oaldatloa.  X>ray  analysis  ravaalad  tha 
prassMoa  of  pit  oKidatloa. 

SpaeiMan  Bo.  id  and  Vo.  19  had  tte  bata  alUeoa  eaztida  eoatlag.  Thaaa 
spaeinaas  did  not  ooEldlsa  although  a  snail  aalght  loaa  aas  Maasurad.  This 
salgbt  loss  is  apparaatljr  dua  to  tte  valitlsatlen  of  tha  aurfaea  aowtaart- 
nation.  Tte  surfaea  of  the  apartnsn  ratal nad  a  mhlLL  aMBoat  of  SIO^. 

X-ray  analyals  ataoaad  no  dstriamtal  affseta  on  tte  apaelMna. 


\& 


RBBUUB 


Tabla  I  shovs  tha  taat  awthod  and  par  cant  valght  ehanea  of  tha 


TABLE  I 

RB3ULTS  OF  OXIDATKEr  SVALUATIQB  OF  8ILIC0HIZED  GRAPHITE 


Taat  CoodltlOBS 


Uttigtat  G 


29.593'»6 

30.1U12 

29.92^38 

29.60586 

29.8W31 

29.9090Q. 

29.8825^ 

29.96339 

29.69796 

30.0*1678 

^9.$kkh^ 

30.0938s 

29.51908 

29.78738 

29.69172 
28.  *1832 
28.77031» 

30.33786 

29.73793 

30.13563 

29.77567 

31.90355 

30.50052 

30.*ll*t2O 

30.38185 

3l.9875i» 
30.  *120^ 
30.29027 
30.32111 

rri 
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THBRliO.  CYCLIIIG  TBST  OF  SILlOOnZED  (SUPHIIS 

mRODOcnoi 


This  report  presents  the  results  of  tberaal  cycling  tests  perforaed  on 
speelaens  of  siliconized  graphite. 


CBJKT 

The  purpose  of  this  test  is  to  Terlfy  the  theraal  integrity  of  siliconized 
graphite  under  teifieratare  and  constant  load  conditions. 

COBCLUSICBS 

Tests  vere  perforaed  on  three  speciaens.  One  of  these  completed  fotar 
cycles  without  failure  and  the  reaalning  two  failed  late  in  the  fourth 
cycle. 


IHTSBRIAL  AMD  SHKIIgB 


Three  siliconized  graphite  speciaens  for  theraal  cycling  tests  were  aade  as 
shown  in  Figure  1. 


ITOCKDCBH 


Three  speciaens  were  tested  aceordizig  to  the  3000*F  teaperature-tlae  data 
(Table  I).  The  center  cross-section  of  the  speclaen  was  aeasured.  The 
speciaen  was  the  installed  in  the  test  flxttdre  so  as  to  aaintaln  a  constaxxt 
compression  stress  of  345  pei>  Test  cycle  was  as  follows:  (1)  apply  coa- 
puted  load,  (2)  apply  heat  according  to  tei^eratare-tlae  data  (0  to  60  ainutes) 
(3)  allow  speciaens  to  cool  to  rooa  tem>erat«ire  and  reaowe  load,  (k)  apply  four 
cycles  per  speclaen,  (5)  welc^  test  speciaen  before  and  after  tests. 

HMmJS 

Table  n  presents  the  results  of  the  theraal  cycling  tests. 


TABUI  I 


Tgar  scHSDOig 


TIW 

(Min) 

0-4  .10 

1550  -  2»»20 

10  -  20 

2420  -  2770 

20  -  30 

2770  -  29^ 

30  -  35 

2980  -  3000 

35  -  »^0 

5000  -  2980 

Uo  -  50 

2980  -  2630 

50  -  6o 

2650  -  1490 

s 


z  \ 


TkSlE  II 


gar  HE8UU8 


SPEC 

HO 

llllliyil^ 

AREA 

RBIARKS  - 

1 

.510 

.2043 

55.1322 

50.1348 

Com>leted  4  cycles 

2 

.507 

.2019 

55.2018 

Failed  after  55  vin. 
of  4th  cycle 

5 

.509 

.2035 

55.4213 

Failed  after  4o  aln. 
of  4th  cycle 

FiOURE  I 

TYPICAL  graphite  -SPEOMCN 


Plqrsleal  FsafcriiM 
Llnrt— 


AHUisiOii  0ruDis  or  quarfs  bkhvobcd  pkobuc  n 

A  1)0  KH  FUSMA  JS  JO  VARIB)  OR  COnXXTIOHB 


nraomcnoi 

SerMBlnc  tMts  of  stlstlaB  ■■torlals  laAleatod  ttast  laoinetod  fauts  piwolle 
■poolMas  von  mpmor  to  oil  othor  ■poet—  vImo  tootod  uBdnr  tho  eooditlau 
■totoA.  la  ofdor  to  onro  eloarly  ovaluoto  tho  abooo  oatoarlaly  oMltianal  toat- 
iag  undor  eontrollod  eooAltlaoa  is  roqulraA. 

QBJBgf 

To  dotomlaa  tha  ablatioa  etaaraetorlotlea  of  exoM  ply  laaiaatod  flbor  foarts 
phooolle  oatorlal  uador  ooatzoUod  eoadltloos. 

COiCLUBIOiB 

la  all  easoB,  fusion  oeeonod  at  tho  0)^aeo  of  tho  flbar  quarts  ralnfoceoA 
spsffl— ns .  Hooovor,  at  tho  $00  ESRJ/ft^-oaeooA  bast  flux  laval,  ablativa  flow 
of  tha  quarts  vaa  obaorroA.  This  la  ahovn  by  tho  lowor  Q«  valua  at  ttaa 
$00  BTU/ft^'^oeoBA  loral  aa  eowpazoA  to  tha  Taluaa  obtalnod  at  tha  othaor  flux 
lovola  during  tha  120-aaeaad  oxposuxo. 

It  is  also  ahoan  that  at  tha  290  BTU/ft^  aaoond  lovol,  ahlatloo  tloaa  of 
20  nlnutae  or  nooro  eaa  ha  aopoetad. 

lUggRIAlg 

1.  Rol20  phooolle  roalB,  Coaat  Nanufaeturlag  and  Coapaay,  LlTaxooto, 

California. 

2.  96lL/12-00  fibor  quarts  cloth,  Saas  Goldsidth  and  Co.,  lae.,  lliOO  Broadaoy, 
lav  York  l8,  I.  T. 

3.  l8l  flbarglasa  r-120  phanoUe  p(ra>pxo0Mtad,  Coast  Naaufaeturlng  and 
Supply  Coopany,  LlTanaora,  California. 

SAMPLE  PRgABjglO 
1.  Fibor  quarts  phaaoUe  rods 

The  fibor  quarts  eloth  uas  lapro^atad  with  R-120  phoooUe  raaln  by  tho 
apray  oatbod  la  tha  CFC  plasties  shop.  Tha  raaln  uoa  than  ”B"  atagad 
at  ldO*F  for  3  hours.  Ono-half  Inch  dlanator  disks  ooro  than  ont  frtn 
tha  pra-lnpxogDatod  notorial,  plaeod  in  tho  l/2  Inch  dlnatar  nald  and  _ 
eurad.  Tha  curing  conditions  uood  wars  1,000  pal  nddlag  prasaura,  300*r 
noldlng  taaparatura,  for  30  nlnutas. 


^4 


2.  Flbcrglasd  phaaoUe  sod* 


Tha  filwr  gLass  phawllq  ■■taarlal  vac  puzataaaaA  In  tha  pira-li^ragMitad 
"B*  atagad  eoadltloB.  Oaa«l)alf  Inch  dianatar  diaka  vara  eufe  froa  tha 
pra-lapragoatad  ■atarlal,  plaead  la  tha  1/2  iaah  iiaaartar  aold  aai 
eurad  uadar  tba  aaaa  aoadltioaa  uaadL  In  addiag  tha  fibar  qaaxts  ptaaaoUc 
apaeiaana. 


TBT  coromoMB 

Thvaa  gvoiqpB  of  apaelaMaa  vara  taatad  in  thla  araluatloa.  For  tha  flrat 
gna9t  a  haat  flux  of  2^0  BlU/ft^-eaeand  vaa  halA  aoaataat  vhila  tha  aapoaura 
tlaa  vaa  varlad.  For  tha  aaooad  group,  aa  aipoanra  tiaa  of  120  aaeoada  vaa 
hai4  coaatant  vhila  tha  haat  flux  vaa  variaA.  In  tha  third  group,  oaa 
apaaiam  vaa  bald  at  a  kf*  angla  to  tha  flaaa  and  agpoaad  to  a  boat  flux  of 
250  BTP/ft^  aaroad  for  120  aaeoada.  A  aaeoad  apaeiaia  vaa  plaead  ia  aa  iaaula- 
tioa  Unek  of  airooaia  and  axpoaad  to  a  boat  flux  of  250  BgP/ft^  aaeoad  for 
120  aaeoada. 

Taating  vaa  parfoaaad  ia  tba  to  KU  plaaaa  Jat  vith  a  gaa  aixtura  of  80  par 
eaot  nitrogen  and  20  par  cent  oxygon.  Saeapt  for  tha  laoulatad  apaeiaon,  all 
apaaiaana  vara  taatad  by  tha  cold  vail  ahiald  awing  apaelnaa  taehaifua.  All 
ealeulationa  vara  baaod  on  tba  calibration  of  tha  Milpar  ealoriaatar.  Opti- 
eal  teaparattira  vaa  raeordad  for  all  apaeiaana. 

RmuLas 

Raaulta  ofthia  iaaaatigatioa  ara  ahovn  ia  Tabla  I. 
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TABU  I 


Sample 

Description 


Specimen 

Ho. 


Glass  Phenolic  1 

Glass  Phenolic  2 


Quartz  Phenolic 
Quartz  Phenolic 
Quartz  Phenolic 
Quartz  Phenolic 
Quarts  Phenolic 
Quartz  Phenolic 
Quartz  Phenolic 
Quartz  4^*  Angle 
Quartz  Insulated 


3 

4 

5 

6 

7 

8 

9 

10 

11 


Incident 
flux 
^/ft^  sec 


l&posure 
Time 


250 

250 

250 

250 

250 

65 

100 

300 

500 

250 

250 


5  see 

50  sec 
5  sec 
50  sec 
20  min 
120  see 
120  sec 
120  sec 
120  sec 
120  sec 


120  sec 


ABLAHOH  RADHATICai  IN  A  40  KW  PLASMA 
BCPOSURES  IH  60^  NITROGEN  20^  CKYGE 


I  12.48505 
11.27016 
14.29660 
14.92740 
12.86022 
11.96689 
9.74190 


12.21800 

11.2161 

14.15391 

14.8331 

11.96689 


11.87494 

9.16159 


0.2671 

0.0541 

0.1427 

0.0937 

0.9133 

0.0920 

0.5803 


O.OOOi 

0.000* 

0.001: 

0.000' 

0.007( 

o.ooci 

0.0046 


I 

I 


Q» 

Optical 

BTU/lb. 

i 

temp  ‘F 

1 

2  13/16 

0 

2  3/8 

1/4 

2  1/2 

0 

2  3/k 

0 

2  3/8 

0  6 

2  13/16 

0  1 

2  1/2 

0 

2  3/'* 

0  2 

2  3/16 

3/16 

- 

•  c 

1 

SI 


ABLAHOK  RADIjtnCW  IN  A  40  KW  PLASMA  JET 
EXPOSURES  IN  80^  NITROGEN  20^  OXYGEN 


Initial 

Weight 

Ons  .  .  _ 

Final 

Weight 

Weight 

Loss 

Weight 

Lose 

Initial 

Length 

In. 

P  Final 
Length 

In. 

length 

Loss 

In. 

- -  —  . .  ■■  - 

Q* 

BTU/lb. 

1 

1  Optical 
temp  *F 

16.3649 

16.15024 

0.2147 

0.0429 

2  13/16 

2  13/16 

0 

3200 

16.3346 

14.50055 

1.8340 

0.0367 

2  5/8 

2  3/8 

1/4 

4,250 

3200 

14 .4835 

14.33794 

0.1456 

0.0291 

2  1/2 

2  1/2 

0 

5,666 

t 

3200 

15.2683 

14.98036 

0.2879 

0.00576 

2  3/4 

2  3/4 

0 

?8,333 

3200 

12.48505 

12.21800 

0.2671 

0.000223 

2  3/8 

2  3/8 

0  6j 

3200 

11.27016 

11.2161 

0.0541 

0.000451 

2  I3/I6 

2  13/16 

0  1 

16,080 

14.29660 

1^^.15391 

0.1427 

0.00119 

2  1/2 

2  1/2 

0 

2450 

14.92740 

14 .8331 

0.0937 

0 .000781 

2  3/4 

2  3/4 

0  2 

3300 

12.88022 

11.96689 

0.9133 

0 .00761 

2  3/8 

2  3/16 

3/16 

3500 

11.96689 

u. 87494 

0 .0920  i 

0.000767 

- 

- 

2 

3160 

9.7‘H90  1 

1 

9-16159 

i 

0.5803 

0.00484 

1  7/8 

- 

1 

31,460 

3200 

PbjTBieal  PnpcrtiM 
Potting  CaqpouBds 


tnvjKnm  or  sxon)  b.kxhical  Bamif  cowomB 

fOR  UBS  F»N  TO  125*0 


maosumoi 


A  rlglA  •iMtTCote  oatetent  cwgpi'wd  Is  roqulrod  for  um  la  oonputor  aodulso. 
Thsoo  ■odwlos  axo  roquirad  to  foDetlaa  st  tsapornturss  mclag  froa  -55*0  to 
125*C.  Socanartoal  falnrlestloa  of  tba  aodulss  adds  tha  xaqulxsaaats  ttaot  tha 
siSbatesat  astorlal  benra  a  lov  viseoait j  and  to  aezkaibla  for  sararal  hoars  aftor 
aizlag.  Tha  puxposa  of  this  taat  Is  to  araluata  rigid  oidiataBit  aotarlals  for 
andiila  sabateast  appUeatlons. 


OBJSCT 

To  dstaxaiao  If  tha  foUoalag  aotarlals  possass  tha  aaeassary  physical,  else- 
trleal,  aai  hsadllng  propartias  for  sodula  Mibadsant  applieatioas: 

Shall  Span  828  plus  eurlag  agaot  Z 

Shall  Span  828  plus  eurlag  agaat  D.  (Hota:  Uhaa  usad  la  proportlaai 
spadflad  harsin.  Spaa  820  plus  curing  agaat  D  aaats  roquixaBNats  of 
MXL'I -16923) 

Sealta  HH-1200 

Scotchcast  CKP  236 


copcmsicsB 

Shall  Spoa  6e6  has  aaealloat  pbysleal,  alaetxleal,  and  hasdllag  propartias 
ahaa  catalyiad  vlth  Shall  eurlag  agsat  Z.  Spoo  8^  raoin  catalyaad  alth 
eurlag  agsat  D  ylaldad  aqulTalaat  alaetrleal  propartias  tout  slightly  poorar 
physical  psoportlas;  l.a.,  rasistaaea  to  tharaal  shoek  than  tha  eurlag  apart 
Z,  Bpoa  826  aix.  la  addltloa,  tbs  aorkllfa  of  tba  eurlag  agsat  D,  ]QpoB  826  aiz 
had  too  Uttla  aortUfa  for  ooBtlnuous  or  autoastad  eparatloa.  Tasting  of 
Soalta  HH-1200  sad  Scotchcast  CHP  236  ass  discostlausd  ahsa  It  aas  dstaxalnod 
that  thalr  hsadling  eharaetarlsties  uors  totally  uasultabla  for  tha  autoastad 
oparatloD  propoaad  for  aanufacturlag  tha  aodulas. 

mmaiAiB 


Shall  Spaa  826  apoalda  rasin, 

Shall  Curing  Agsat  Z,  sad 

Shall  Curing  Agaat  D  -  all  aaaufaeturad  Iqr  Shall  Chsaleal  Corp.,  HOustea,  Tanas. 

Soalta  HB-1200  A/B  apoxlds  rasla  sad  eurlag  agent  asaufaeturad  toy  Saooth-Oa, 
Jarsay  City,  H.  J. 


SeotebBMt  CRP  236  apoxidc  rwin  Moufaeturad.  by  Mlimwota  HLalBg  and  Naau- 
faeturlag  Co.,  St.  Paul,  Minn. 


PWXmURE 

I.  Praparatlon  and  Curing  of  Matarlala 

A.  828  -  curiae  agant  Z 

1.  20  parta  of  curing  agMt  Z  vara  blandad  vlth  100  parts  of  ZPOA 
626  raaln. 

2.  Tba  nlxtura  van  arracuatad  at  27-^9  inehaa  Hg.  for  30  alButas. 

3*  Caatlnga  la  axeaas  otf  1/8  Inch  nlnlaiaa  dlaaMtar  vara  cured 
1  hour  at  l8o*F.  Caatlnga  with  lasa  than  l/d  Inch  alnlmi 
dlaanalon  vara  ctired  2  houra  at  l80*F. 

B.  BpoB  828  •  Curing  Agant  D 

1.  10.5  parta  of  curing  agant  D  vara  blandad  vLth  100  parta  of  Epon 
828  raaln. 

2.  All  Epoa  828,  curing  agant  D  apadiNns  vara  eurad  1  hour  at  200*F. 

II.  Pharaleal  Propartlaa 

A.  Spaelfle  Gravity 

1.  Cylindrical  apaclaans  1  Inch  in  dlaaatar  and  0.3  inch  thick  vara 
caat  In  polyathylanc  aolds  (Cannon  cap  #^96). 

2.  Specific  gravity  of  tba  eurad  apaclaans  vas  dsrtaxadnad  by  the 
vatar  dlsplacaaant  aathod. 

B.  Hardnasa 

1.  Colaaan  Sadth  hardnasa  vas  dstaiadnad. 

2.  One  spaclaan  of  each  aatarlal  vas  tasted  at  129*C  and  at  29*C, 

C .  i'hanal  Shock 

Raslatanea  to  thaxnal  shock  vas  detaxsd.Dad. 

D.  Moisture  Absorption 

1.  tfeli^tod  apaclaans,  siallar  to  those  descrlbad  la  II. A.,  vara  con* 
dltioned  in  the  hunldlty  chanber  operated  per  ICEL-B-3272A. 

2.  Each  2U>hour  period,  the  spaclaans  vare  raaa>rad  froai  the  rhsai her 
blotted  dry  on  the  surface,  and  rewalghad.  Total  teat  tlna  vas 
U  days. 


ZB 


E.  Conraaloa  SMiatane* 

1.  2x1  3/8  X  1/8  Ineh  apaclaaat  of  aaeh  aaterlal  wava  eaat  oa 
3x6  iaeh  paMli  of  aaodlaad  alvadana,  eoppatr,  allTar-jaattaA 
oofpar,  aal  0Oill«Ea.atad  aefvar. 

2.  Ttaa  paaala  vara  aigpoaad  in  tba  aalt  apngr  ahaaibar  for  6  daya. 
Ttaa  paaala  vara  aaeaaLaad  for  alffta  of  eorroaloa  at  2k-ticnr 
latarrala. 

F.  ilpflieatlaa  Tiaa  vaa  datazalaad. 
m.  Elaotrloal  Prupartlaa 

A.  SLalaotrle  Straagth 

OLalaetrlo  atrangth  vaa  datamlaad  oa  6  x  6  x  0.050  Iaeh  apaeiaana 
of  aaeh  aatarlal. 

B.  Slalaetrle  Caoataat  aal  SLaaipatloa  Factor 

Olalaetrle  eooataat  aad  diaaipatlaa  factor  vara  dataxalaad  vith 
a  Dalaaa  D-£  analysar. 

C.  Voluaa  aad  Surfaea  RaalatlTlty 

Yoluaa  raalstlvlty  aad  aurfaea  raalatlTlty  vara  dotandoad  oo 
6x6  iBOh  apaetaaiM.  Tha  paaal  aada  froa  Bpoa  826  with  eturlag 
agast  Z  vaa  O.lbj  Inch  thlek  aad  tha  paaal  aada  froa  Epoa  828  vith 
euriag  agant  D  vaa  0.110  iaeh  thick. 

D.  laaolatioa  RaaiataBca 

1.  Tvd  alactrodaa  0.25  inch  long  by  0.032  iaeh  la  diaaatar  vara 
apaoad  0.3  iaeh  apart  la  a  6061^6  alvaiauB  tuba,  1  iaeh  loag 
X  1  iaeh  la  dlnatar  vfaleh  vaa  aahaiMad  vith  oaa  of  tha  Bata> 
rlala.  Tba  olaetredaa  vara  foraad  by  atrifflag  0.25  iaeh  aae> 
tloaa  of  laaulatloB  froai  tha  oaotara  of  2^iaeh  laagtha  of 
aodluBHBaphthalana<traatad,  tafloa-iBaulatad  vlra,  liIL-W-16878- 
BB20. 

2.  Tha  laitlal  laaulatloa  raalataaea  vaa  aaaaurad  at  100  V.D.C. 
potaatlal. 

3.  Tba  apadaaM  vara  taatad  at  thraa  tanparaturaa  •  125*C,  kCTC, 
aad  -55*C.  Thraa  apaeiaana  of  aaeh  aatarlal  vara  held  at  oon* 
atant  taaparatura  for  a  total  of  216  houra.  Tha  laaulatioa 
raalataaea  vaa  datazalaad  at  2k^hanr  latarrala. 

Thraa  apaeiaana  of  aaeh  aatarlal  vara  coaditloaad  la  tha 
hualdlty  ehaabar  par  KIL-E-5272A  for  216  houra.  laaulatloa 
raalataaea  of  ttaa  apaelaaaa  vaa  aaaaurad  aaeh  24  houra  at  l6o*F 
aad  95](  ralatlva  hualdity. 


4 


3o 


TABLS  III 

VARIATIOB  OF  IBBULATIOlf  RaSIBTAIICE  OF  MJ^TSRIALB  WITH  TIME  UHSSl  VARIOUS  COUXITIOSB^^) 


I 


% 


i 


i 


« 

H 

I 

I 

I 

I 

t 

i 


H  01 


Ptagrsiottl  ProparilM 
Pdttlat  Ceafomia 


wnjj/ttim  or  mjcnanc  mssMoa  wamu^  tor  ms  ta  k90*r 


maoDocnog 

SlMtroole  aodulM  —tuMart  par  standarA  preradiira  )mwm  not  pasrfomad  wall 
duzlag  aolsturt  aanrlxaaMBt  foalifleatloD  of  oartaia  adaetaonle  afuipantt. 
This  ooodltloa  aaeasaitataA  ttaa  foallfleatloa  of  lupranrad  ■atarlala  for  ttala 
puxpoaa.  la  addltloBj  a«M  frovth  potantlal  with  raapaet  to  taaparatura 
llBltatiaBs  la  daolrad. 


OBJaCT 


To  dartaxwiaa  if  3M  BC  1663  pottlof  eoiqpouad  or  3M  XD-90Ll8^^  aaparltntal  a«ta- 
rlal  taaa  tha  aaeaaaary  alaetrleal  aad  phyaleal  propartiaa  for  uaa  la  aodula 
—taaaaBt  4PiQJ.eatloaa. 


COMCLUBIOa 


Mlanaaota  MLalag  aal  Mfg.  K  1663  aaibaapaat  onajpmad  haa  aaeallaat  alaetrl¬ 
eal  aad  i^Taleal  propartlaa  for  aodala  aata^aoBt  apfliaatloaa.  Tha  a]9arl- 
aaotal  eoapouad,  XD-9U.8)»5  will  xaq:ulra  furthar  drralofMBt  by  the  aaaufaetarer. 
The  alaotrleal  propartlaa  of  ZD-91l8^5  fall  aharplj  aa  tha  taaparatura  «aa 


MiffBgALS 

BC  1663  SUieoaa  airiMABaat  eoapouad. 

XD-saj.845  aapanaaatal  aatarlal. 

XB  9118-13  prlaar  for  XD-91l81»$»  all  aamifaeturad  by  Mlaaaoota  MUlae  aad  Nfg. 
Coavaay,  St.  Paul,  Mlanaaota. 

Churchill  G-75  allleoaa  prlaar  aaaufaeturod  \fj  Churchill  Chaaleal  Coavaay, 

Loa  dagalaa,  Califoamla. 

PROCBDURB 


I.  OBOXUS:. 

A.  Prlaara 

1.  SlUooaa  (BC  1663)  apadaana  vara  porlaal  dth  0-7?  prlaar.  Tha 
parlaar  vaa  allrmafl  to  eura  30  alnutaa  to  1  hour  prior  to  appU- 
eatloB  of  aaalant. 

2.  XD  9118^?  apadaana  ware  prlaad  dth  XB  9118-13  prlaar.  Tha 
prlaar  vaa  air  drlad  30  dautaa  plua  30<ad.Buta  eura  la  dreu- 
latlag  air  oven  at  ldO*T. 


31. 


B.  Cure 


1.  EC  1663  apcelneiuB  were  cur«d  7  at;  rocn  t«Bperatur«  prior 
to  t«8tlD£. 

2.  XD  9118^5  Bpeciaions  were  cured  3  hovirs  at  200*F  plua  7  days 
at  room  teaperature. 

II.  PHYSICAL  PRaPEHTIBB 

A.  Specific  Gravity 

1.  Cylindrical  speelBwns  1  Inch  In  dlaneter  and  0.5  loch  thick 
were  cast  In  polyethylene  aolds  (Cannon  cap  #496). 

2.  Specific  gravity  of  the  cured  Bpeeinens  was  detemined  by  the 
water  dlsplaceaient  net  hod. 

B.  ViBcoflity 

Viscosity  was  dLetcxslnod  on  each  base  naterlal  and  each  aiaad 
aatcrlal  with  a  Brookfield  VlscosMter.  A  nvsaber  6  spindle  was  used 
at  4  rja. 

C .  Application  Tine 
Application  tine  was  detersdned. 

D.  Water  Abaorprtion 

1.  Weighed  speclaens,  Blnllsu'  to  those  described  in  IIA,  were 
ijBsersed  In  distilled  water.  Bach  24<4M>ur  period  the  speelawns 
were  resmed  free  the  water,  blotted  dry  on  the  surface,  and 
revelghed.  Total  test  tine  was  10  days. 

2.  Test  II.D.l  was  repeated  except  the  specimens  were  coodltloned 
in  the  huscLdlty  chamber  operated  per  MIL-B-5272A. 

B.  Shear  Strength 

1.  Preparation  -  One-inch  lap  shear  spedmras  were  prepared  with 
the  following  systems: 

a.  G-75  prlswr  plus  BC  1663  compound 

b.  XS  9118-13  primer  plus  XD  911845  compound 

c.  No  primer,  XD  911^^  compound 

2.  Coodltloolng  -  One  set  of  three  e\ircd  lap  shear  specimens  of 
each  system  above  was  conditioned  in  each  of  the  following 
envlxxnBeiits: 
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a.  Controls  (no  eoadltioning) 

b.  Aged  100  hours  at 

c.  Agad  100  hours  in  husldity  ehanbar  operated  at  9^ 
relative  husddlty  per  MIL-E;-5272A. 

3.  Testing 

Saeh  eooditiooed  apecisien  was  pulled  on  a  Baldwin  Tensile  Machixie 
at  a  rate  of  U^OOO  pounds /ainute. 

F.  Primer  Application  Method 

1.  Alodlned  6o6l-Jr6  aliad.nuB  panels,  2  x  6  x  0.032  inches,  were 
priaed  with  either  G>73  or  X5  '9113  ■'13  priaer  by  each  of  the 
following  aethoda. 

a.  Brush 

b.  Dip 

c.  Spray 

2.  Each  prlsser  apeciaen  was  coated  with  the  appropriate  sealant 
and  cured. 

3«  Each  apeciaen  was  inspected  to  dateraine  adherence  of  the 
sealant. 

4.  Each  spedaen  was  aged  10  days  in  the  bunidity  chaaiber  operated 
at  S9f>  relative  hxaDldity  per  MIL-S-5272A  and  reinspected  for 
adherence  of  sealant. 

III.  H.BCTRICAL  PHOPHRTIES 

A.  Dielectric  Strength  -  Deterained  on  6  x  6  x  O.063  inch  apeciaens. 

B.  Volume  and  Surface  Resistivity  -  DetemlDed  on  4  x  4  x  0.12^  inch 
siwclaens. 

C.  Dielectric  Constant  and.  Dissipation  Factor  -  Dielectric  constant 
and  dissipatiew  factor  at  10  KC  were  deterained  with  a  Delsen  D^ 
analyser. 

D.  Insulation  Resistance 

1.  Two  electrodes  0.23  inch  long  x  O.032  inch  in  diameter  were 
spaced  0.3  inch  apart  in  a  6o6i>T6  aluuiniaB  tube,  1  inch  long 
X  0.87^  inch  in  diameter,  which  was  embedded  with  the  sealant 
material.  The  electrodes  were  formed  by  stripping  0.23  inch 
sections  of  insulation  from  the  centers  of  24-inch  lengths  of 
sodiTss-naphthalenc  treated  teflon-insulated  wire,  MIL-tf-l6d78- 
EB20. 

2.  The  initial  insulation  resistance  was  measured  at  ^00  V.D.C. 
potential. 
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3.  Three  speelawns  of  each  naterlal  were  raised  In  50*F  Ineraaents 
to  450*7.  The  speeleans  were  soaked  at  each  InersMstal  teiqponf 
ture  for  30  Bdeutes.  The  Insulstlon  resistance  was  aaasured  at 
the  end  of  the  30<ainute  soak  period.  The  speelnens  were  stain* 
talned  at  450*7  for  240  hours.  Insulation  resistance  was  Beastixed 
at  450*7  each  24  hours  during  aging. 

4.  Three  speelnans  of  each  Baterlal  were  aged  In  hissldltj  ehanber 
per  MIL*<*52T2A  for  24o  hours.  The  Insulation  resistance  of  the 
speeinens  was  asasured  each  24  hours  In  the  hteddity  ehanber  at 
160*7  and  9^  relative  hiaddlty. 

RESULTS 

Results  are  glren  In  Tables  I  and  II  and  Figures  1,  2,  and  3* 


TABLE  I 


PHYSICAL  AHD  KUaCTRlCAl.  reOPERTIES  OF  OfflECMSin 


(1)  sice  Figures  1,?  smd  3  Por  Aging  Characteristics. 

(2)  prliued  with  XD-91l3i3  b/a  Primer 

(3)  Unprimed 

(4)  Graphic  Presentation  in  Figure  1 
AF  -  Adhesive  Fal lure 

CP  -  Cohesive  Failure 


TABI£  I 


AI,  tlROPERTIES  OF  atBEIMKlfr  MATERIAIB  FOR  450*F  APPLIC>VnOH 


Shear  Strength  (pel) 

Application 

Cure 

Dielectric 

Controla 
(m  cured) 

After 

Aging 

After 

Aging 

Tiiae  (hre.) 

Cycle 

Strength 

(V/MIL) 

24o  hro. 

240  hTB. 

r 

at  450*F 

In 

272A 

R.H.  per 
MII,-E-5272ii 

t . 

527  CF 

_ 

267  CF 

383  CF 

3 

7  daye 
at  77*F 

720  CF  (2) 

290  CF  (2) 

:?00  CF  (2) 

2 

16  hrs.  at 

208 

150  AF  (3) 

130  AF  (3) 

100  AF  (3) 

160*F 

follcwed  by 

2  hrs .  at 
2O0*F 

» 

(1) 

(V> 

1 

1 

-  -  -  ----  -  -  1 

j 

Dielectric  Conatant 
at  10  KC 

Disalpation  Factor 
at  10  KC 

Frijner 

Application 

Method 

r  1 

|45Q*F,,.i 

50c,  00c 

j 

i 

^.3 

1 

1  0.009 

1 

1 

Brush  or  Dip 

7 

1 

j 

_ 1 

rn 

• 

10.7 

1  0.125 

1 

Brush,  Dip  or 
Spray 

i 

1 

TABLE  il 


INSUl^iTlUlI  i£SISTANCE  OF  I^TERIALS  FOH  4:::o'*F  AF:  LIi::A.TIO;:'l 


Material 


Teat 

Condition 


450*F 

(1) 


Specimen  Teat 

Number  leads 


A  to  Gnd. 
B  to  God. 
A  to  B 


BC  1663 


A 

to 

God 

B 

to 

Gnd 

A 

to 

B 

A 

to 

Gnd 

1  B 

to 

Gnd 

1  A 

to 

E 

0  Hrs. 

24  Hrs. 

IC'0,000 

100,000 

ia),ooo 

1CC.,-'’'X) 

500,000 

100,000 

100,000 

500,000 

1 

1 

100,000 

100,000 

500,000 

i — 

100,000 

100,000 

500,000 

i 

1 

A  to  God. 

i  100,000 

4 

B  bo  Gnd. 

I  50,000 

A  to  B 

!  50,000 

1  1 

Humidity  j 

A  to  God.  j 

[  50,000 

Chamber 

c 

1  B  to  (kid. 

1+0,000 

(2) 

A  to  B 

1+0,000 

■  1 

P.  to  Gnd. 

50,000 

i 

6 

B  to  Gnd. 

30,000 

1 

i 

A  to  B  1 

50.000 

I  12,000 
j  12,000 
!  30,000 


9,000 


A  to  Gad 
B  to  CSnd 
A  to  B 


XD -911845 

b/a 


Humidity 

Chamber 

(2) 


A  to  Ctod 
B  to  Qd& 
A  to  B 


A  to  God. 
B  to  (kid. 
A  to  B 


A  to  God. 
B  to  Gx^. 
A  to  B 


2,200 

2,U00 

4,300 


lotaa:  il)  Meaaurenents  were  taken  at  450*F  in  a  forced  draft  oven. 

(2)  Meaauraaenta  were  taken  at  160*F  in  humidity  chamber  operated  per  MIL-E-52T2A,  95^  Relative 

(3)  All  values  reported  in  megohms. 


TABlii  II 


NCE  OF  tAlKRIALS  FQh  4;.0*F  AP.I.Ii>.VIO:»' 


1 

1 

1 


J..- 


1 

1 

i 


1  1 

I  1 


1 

1 


1 

1 


1 

I  J 

-i - 

;  i 

1 


_ 

1 

1 

1 

200 

55 

1 

75 

24  1 

20 

400 

75 

60 

36  : 

32 

300 

130 

95 

60  ! 

50 

300 

90 

h- 

70 

45  : 

36 

300 

80 

60 

40  j 

35 

iOO 

160 

l40 

8g  I 

70 

LDO 

90 

75 

50  i 

40 

XX3 

90 

70 

45  1 

38 

?00 

l8o 

160 

9C'  1 

75 

1 

1 

1 


1 

1 

1 


1 

1 

1 

1 

1 

1 


11 

17 

28 


ID 

15 

25 


18 

19 

35 


— 


20 

19 

36 


15 

16 
30 

17 

17 

32 


1 

1 

1 


1 

1 

1 


f- 


t- 

! 

I 

I 


1 

1 

1 

1 

1 

1 


10 

13 

22 


13 

14 
26 

15 
14 
28 


6 

8 

13 

8 

9 

17 

10 

10 

18 


— 

-  -  -  ' 

-  -  -  - 

--  - 

-  - 

— 

Brs . 

24  Hrs . 

48  Hrs. 

72  Hrs. 

96  Hrs. 

166  Hrs. 

192  Hrs. 

216  Hrs. 

24o  Hra. 

,000 

100,000 

1(X),00C' 

1uO,Cx'jO 

1-'X),000 

500,000 

5oo,oa,> 

500,000 

500,000 

,000 

100,  OOC! 

1(X),000 

100,000 

500,000 

5ori,iXiO 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

,000 

100,000 

500,000 

100,000 

500,000 

500,000 

500,000 

500,000 

500,000 

,000 

100,000 

500,000 

100,000 

500,000 

500,000 

500,000 

500,000 

450,000 

500,000 

500,000 

500,000 

500,000 

100,000 

500,  OCX.' 

500,000 

>jG,0(j0 

500,000 

500,000 

500,000 

,000 

100,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

500,000 

,000 

14,000 

3,000 

1,300  i  :900 

650 

65<.i 

tjQO 

500  ; 

,000 

14,000 

4,000 

1,000 

i,300 

650 

650 

6^X) 

400  j 

,000 

20,000 

8,000 

3,600  j  2,4oC 

i,40Ci 

1,300 

1,200 

850  ! 

1 

,000 

iG,OCiO 

4,00C' 

2,2J-j 

1 

l,t>00 

1,000 

1 , 000 

900 

1 

600 

000 

10,000 

3,2W 

2,000 

1,200 

800 

850 

750 

550  i 

000 

15,000 

9,cxx) 

3,000 

?,'8Cxl 

2,000 

2,100 

2,500  1  1,300  1 

000 

12,000 

8,000 

5, --00 

4,000 

2,400 

2,500 

2,300 

2,000  1 

000 

12,000 

9,000 

0,000 

4,300 

1,100 

1,500 

1,200 

2,300  { 

000 

20,000 

20,000 

40,000 

12,000 

i,60C 

5,500 

4,000 

5,000  ! 

1 

* 

1  i 

1 

1 

1 

X  '  1  ^ 

1  I  1  i 

1  ! 

1 

1 

4 

1 

1 

i  1 

-  1 


ift  oven. 

imber  operated  per  MIL-E-5272A,  955t  Relative  Huaidlty 
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MODEL 


ttsl^UL/^>Qki  R-E^alSTAvMCE  (MEG,  QMMb) 


MODEL 


C 


Phyoical  Properties 
Potting  Coapounds 


mLDATIOII  CF  POTTISO  COMPODNDS  FCR  500®F  APPLICATIOIIS 
UTRCTOCnOB 

Increaalng  tea^rattire  requirements  In  aircraft  and  ndsBlles  hanre  indicated  a 
need  for  high  tesperature  potting  coapounds.  Original  preparations  of  leading 
conpound  aianufacturera  showed  good  promise  but  left  some  properties  to  be 
desired.  Recent  adrances  In  the  state  of  the  art  hare  yielded  compounds  idilch 
should  be  superior  to  the  prototype  materials.  The  purpose  of  this  test  Is  to 
determine  which  materials  are  suitable  for  500®F  potting  ^plication. 

CBJECT 


To  Mrform  physical  properties  and  electrical  tests  on  potting  coiqKninds  for 
500^  iqjplication. 


COKLDSIOH 


Dow  Corning  RTT  501  and  Minnesota  Mining  and  Mfg.  EC  l663  were  the  most  satis¬ 
factory  coH9>ouada  tasted.  General  Electric  RTT  60  plus  T-12  catalyst  meeta  the 
physical  and  electrical  reqalrements,  but  has  a  short  work  Ufa  and  Is  difficult 
to  six  properly.  These  conditions  may  be  allerlated  by  use  of  a  new  paste 
catalyst  idilch  became  available  too  late  to  Include  in  this  test.  G.  E.  RT7 
81813  was  the  prototype  material  to  RTV-60  and  had  unsatisfactory  high  teogaera- 
ture  propertlaa.  Proseal  792  also  had  poor  high  temperature  characteristics. 

PROCKOTRE 

I.  Generali  All  tests  described  herein  were  performed  on  the  catalysed  and/or 
cured  sealant  materials. 

A.  Application  Timei 

Application  time  was  determined  by  extruding  the  nixed  material  from 
a  Semco  Gun  through  a  Seaco  2^  nossle  at  90  psi  pressure  SiXh  a  tared  container 
for  a  measured  period  of  tine.  The  volume  of  sealant  per  ninute  was  conputad. 

The  application  time  was  taken  as  the  time  at  which  the  extrusion  rate  had 
dropped  to  25  millilitere  per  minute, 

B.  Curing  Rate  Hardnesat 

7h.e  sealant  material  was  cast  into  a  1  l/U  x  3  x  l/U  inch  mold  and 
curad  at  roM  tesqperature  for  72  hours.  The  Instanbaneous  Shore  A  hardness 
was  determined  on  this  specimen  with  a  Shore  A  durometer. 

C.  Shrinkage t 

The  sealant  was  cast  into  a  cubical  mold  appraxiaately  1.0  inch  on  a 
side  and  cqpen  at  the  top.  The  sealant  material  was  cured  7  days  at  room  tempera¬ 
ture.  The  volume  of  the  cube  was  accurately  determined  by  the  wetgr  displace¬ 
ment  method.  The  cube  was  placed  in  a  circulating  air  oven  at  500  7  for  U8 
hours.  The  sealant  was  cooled  to  room  temperature  and  volume  redetermined. 
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D.  Non-Volatile  Content: 

Approxlmtcly  three  graae  of  mixed  sealant  vere  weighed  accurately  in 
a  tared  glass  container,  'fhe  material  was  heated  at  lj6o*r  for  2h  hours  in  a 
circulating  air  oven.  The  material  was  cooled  in  a  desiccator  and  rewelghed. 

E.  Peel  Strength: 

Ore  inch  vide  peel  strength  specimens  were  prepared: 

1.  Two  X  2  5/Q  ^  0.064  inch  panels  of  aloidlned  7075-T6  aluminum, 

501  stainless  steel  and  titanium  alloy  vere  primed  with  G.E.  SS  67  silicone 
primer.  One  half  inch  strips  of  aluminum  0.064  inch  thick  were  attached  to 
the  panels  to  form  a  cavity  1  inch  x  1  3/8  incii.“  ^^^lis  caVftJf'  was  filled  with 
sealant  and  a  brass  screen  placed  over  the  vet  seklmnt  laaterlal. 

2.  Approximately  1/16  inch  of  sealant  was  extruded  over  the  screen 
and  the  whole  assesfcly  cured.  ®aree  specimens  of  each  mterial  and  metal  were 
reserved  as  controls.  Three  specimens  of  each  material  and  aetal  were  aged 

7  days  in  a  5^  salt  water  solution.  Three  stainless  steel  and  three  titfiniua 
panels  of  each  material  were  aged  168  hours  at  500*F.  After  aging;  the 
specimens  were  peeled  at  90“  peel  on  a  Scott  Test  Machine. 

F.  Low  Tenperature  Flexibility: 

A  film  0.064  inch  thick  of  each  sealant  material  was  cast  on 
1  X  6  X  0.032  inch  sheets  of  stainless  steel.  The  sealant  was  cured  7  days 
at  room  temperature.  Each  specimen  was  aged  7  days  at  500*P.  At  the  end 
of  this  period  the  panels  were  cooled  to  -65 *F  for  four  hours.  While  mt  -65*7 
the  specimens  were  each  bent  around  a  2  inch  radius  mandrel  and  observed  for 
cTacklng, 


H.  Sponging  Resistance: 

Hemispheres  approximately  1  I/2  inch  in  diameter  were  cast  of  each 
sealant  material.  After  curing  7  days  the  materials  were  subjected  to  500*F 
and  observed  each  hour  for  a  period  of  four  hours.  Those  specimens  which  were 
still  intact  were  aged  a  total  of  24  hours  at  500*r. 

II.  Electrical  Tests; 

A.  Dielectric  Strength: 

Dielectric  Strength  was  determined  at  room  tec^perature . 

B.  Dielectric  Constant  and  Power  Factor: 

Dielectric  constant  and  power  factor  of  RTV  3l8l3  and  DC  501  were 
determined  at  1  kilocycle.  At  a  later  date,  the  dielectric  consteint 
and  power  factor  of  the  two  remainirg  materials  were  tested  with  a 
direct  reading  bridge  (Delsen  D-K  analyzer)  at  10  kilocycles.  The 
power  factor  was  determined  simultaneously. 

C.  Volume  and  Surface  Resistivity: 

Volume  and  surface  resistivity  were  determined  at  room  temperature. 
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D.  Inmilation  Resistance: 

Four  electrodes,  forracKi  by  stripping  3/8  inch  of  the  Teflon  insula¬ 
tion  from  four  No.  20  A.W.G.  wires,  were  imbedded  in  sealant  contained  in  a 
0.70  inch  diameter  alodined  aluiainuiri  tube,  1  inch  long.  The  sealant  was 
cxored  7  days  at  room  temperature.  Insulation  resistance  was  measured  between 
each  lead  and  the  shell  at  300  V.D.C.  potential.  The  specimens  were  raised  to 
500°F  and  insulation  resistance  remeasured.  The  specimens  were  aged  a  total 
of  168  hours  with  measurements  being  made  every  21*  hoius. 

E.  High  Potential  Resistance: 

Specimens  prepared  as  in  D.  above  were  subjected  to  a  potential  of 
2000  V  RMS  between  each  pin  and  the  shell.  Voltage  was  applied  gradxially  at 
the  rate  of  300  volts  per  second. 

F.  Humidity  Resistance: 

Specimens  prepared  as  in  D.  above  were  exposed  to  3  temperature 
cycles  of  SOO^F  for  30  minutes  followed  by  for  30  minutes.  After  these 

five  cycles  the  specimens  were  subjected  to  relative  humidity  for  a 
period  of  li*  days.  Insulation  resistance  at  300  V.D.C.  was  measured  at  room 
teu^ierature  after  removal  from  the  humidity  chamber.  The  specimens  were  high 
potential  tested  at  V50  V  Rffi  for  5  minutes  at  room  temperature. 


4-3 


API>UCATION 
TIME  HRS. 


SHORE  A 
HARDRESS 
AFTSR  72 
HOURS 


SHltiSKAGE  WW-VOLATILE  T-U 

(VOUM:)  COIfTEHT  7  PAYS  I«  SOjJWIC)!- 

T  '  TI'J 

AlUMIHOM 


0.  *.  mv 

81B13 

L-a4 


DC  RTV 

501 


O.E.  RTV 
60  4 
T-12 


K  1663 


FroMSl  792 


(1)  This  material  not  tested  eleeti'lcall/  due  tc  epejoglng  and/o;  roversiou  ai.  V;'"’®!- 
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lVu3Ii  i 


■iiRTIES  OF  .Wi'JTKG  OOMPtiUNB';  l-'Ui  fd'yiCA'nON 


Jl) - 

3l>  SAia*  SCLUTIOXv 


SmiiQTH  Xi} 


CONTROf£ 


IlJLESSi 

tfil _ j-. 

6  (2) 


I  TIT.\M1U1>{  '  .UiJMINGM  .  fTTAISr^SS  TITADTIU}.!  STAIKIBBS  |  TITAjr.rUM 


AFIEF;  AGIHG  168  HI{  A?  }  TEMPERATURE  REMARKS 
g<x>*  F. _ „™i  FLaXIBILIlY 

<3<TtA  TWT  L^L'o  1  irrrmntmm 


3TEEJ 


STEEL 


r«ssed 


r'assed 


Material  | 
sponged  at  i 
500*  F  I 


!  t 


TABIE  TT 


Sussed 


Passed 


passed  Material 

- — - ^  sponged  at 

,^1^  ^00*  F 


2 


IHSUIJITIOS  HIGH 


S  Of  Fa].TlSG  Ca^POUNDS  FOK  50C*F  APfULCATIOS  [  _  ; 

r  ^  I  rssot’TTW  rasimscE  f '  pjafLinWl "'  BgirfflMCi 

?ivr«  |mii^ - Ar«yvrc««m, - 1  I  ^ 

I  A.S  ^TIED  AT  ^QO*F  j  AT  y)0*F  j  ^  _ 760  Y  RMS 


X  10"  I  370  A  10 


X  10^  27  y  10^^ 
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DSTERMnrATICffl  OF  PHYSICAL  PARAMETSR8  OF 
PR06KAL  793  CABLE  MOLDOOIO  CWffOUlID 


IHTRODUCTIOff 

A  Blxtiore  of  MIL*6>d^6  matarial  and  carbon  black  baa  been  tiaad  in  tba  pest 
as  a  cable  aolding  cdspoundL.  Howrrer,  this  sMterial  has  not  proven  satis¬ 
factory  with  regard  to  its  physical  properties.  Coast  Proeeal  793  eosqpound 
was  sutBltted  and  showed  rery  good  eharaeterl sties  irtien  fabricated  into  typi¬ 
cal  parts  for  idiieh  the  natcrlal  is  to  be  used.  For  spaeificatloo  and  design 
purposes,  it  is  necessary  to  detexsine  some  physical  and  handling  character¬ 
istics  of  thlsnsterlal  not  already  known. 

OBJECT 

To  detencLnc  physical  properties  of  Proseal  793* 

CONCLUSION 

Proseal  793  Is  suitable  as  a  cable  molding  eonpound.  The  requisites  of  high 
tensile  strength  and  good  abrasion  resistance  were  mat  with  no  apparent  defects. 

MATERIAL 


Prsseal  793  cable  molding  compound,  manufactured  by  Coaist  Pxoseal  Coeipany, 
Los  Angles,  California. 


PROCEDURE 

GflIERAL;  All  sxweimens  below  were  prepared  from  material  wtdeh  had  recelred 
27  inch  raeuum  for  ^5  minutes. 

1.  Specific  Gravity;  Specific  grartty  was  deteisdned. 

2.  Viscoeity:  Viscosity  was  determined  with  a  Broolcfleld  ViscoaMter  using 
a  #6  spindle  at  10  r.p.m. 

3.  Flow;  The  cracuated  compound  was  placed  in  the  Boeing  flow  Jig  and  the 
plunger  advanced.  The  time  required  for  the  material  to  flow  ^  inches 
was  determined  with  a  stop  watch  and  calculated  as  inches  of  flow  per 
minute . 

k.  Ertruaion  Rate  and  Applieati<»  Time;  Extrusion  rate  was  determined.  This 
curve  was  correlated  with  eua  arbitrary  value  for  application  time  to 
establish  an  index  for  determining  application  time. 

Tack  Free  Time;  Tack  free  time  was  determined  for  room  tesperature  cure, 
the  tack  free  time  was  also  determined  for  l60*F  cure  using  the  same  method 
used  for  room  temperature.  Tack  free  time  was  ealeiilatad  from  time  of 
removal  from  vacuum  chamber. 
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6.  Cttrlng  Rats  Hardasss;  Hardzkaas  vas  datenained  using  a  Shore  A  duraaeter 
after  2^  hours  and  72  hours  at  room  teD^rature.  In  addition,  hardneas 
vais  datenilned  at  rooiQ  teaperature  after  aging  2,  k,  and  6  hovirs  at  l80*F. 

7.  Abrasion  Resistance;  Abrasion  resistaxkcc  vaadetenained  using  a  Taber 
Abrader  vith  C81^  wheels  and  a  1000 -gran  load.  Tvo  speciiMns  were  each 
rotated  ^,000  cycles  and  the  amount  of  vear  neasiired  with  a  micrometer. 

8.  Low  Teaqperat\ire  Flexibility;  Lov  tenqperatvtre  flexibility  vas  dstencLned. 

Tensile  Stre^h:  A  l/d  inch  thick  slab  of  Proseal  T93  vas  east  in  a 
Teflon -coated,  mold.  After  curing  6  hoiirs  at  l3o”F,  the  material  vas  cut 
into  dumbbell  specimens  using  ASTMI>4-12 -51T  die  D.  The  specimens  vere 
pulled  in  a  Scott  Tested  at  2  inch/minute. 

RESULTS 


Test  data  results  are  given  in  Table  I  and  Graph  I. 
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EVALUATION  OF  MATERIALS  FC®  USE  AS  ELECTRICAL  ENCAPSULATION  COMPOUNDS 

INTOCOUCnON 


Sealant  (BC-1293)  has  been  used  for  encapsulating  electrical  connections.  Hie 
material  specification  by  which  BC  1293  Is  procured  does  not  contain  any  electrical 
requirements.  On  the  basis  of  past  success  using  BC  1293  a  verbal  agreement 
with  the  manufacturer  that  the  formulation  would  meet  certain  electrical  require¬ 
ments  and  would  not  be  changed,  it  was  agreed  to  allow  the  continued  use  of  this 
material  pending  electrical  test  data  of  EC  1293  vs  Proseal  727  filled  with  Quartz. 

Hie  handling  and  application  characteristics  of  0C  1293  were  two  Important  reasons 
for  the  original  selection  of  this  material  for  this  application.  However,  the  fil¬ 
ling  of  Proseal  727  with  quartz  produces  a  material  with  comparable  handling  and  ap¬ 
plication  characteristics. 

The  purpose  of  this  test  Is  to  compare  the  properties  of  EC  1293  Proseal  727 
filled  with  quartz  for  use  as  an  electrical  encapsulation  compound. 

OBJECT 


To  determine  If  EC  1293  snd.  Proseal  727  plus  quartz  meet  the  specifications  for  elec¬ 
trical  encapsulation  by  testing  for: 


A.  Hiysical  properties 

B.  Electrical  properties 


CONCLUSION 

A.  BC  1293  meets  all  physical  requirements.  'The  only  physical  test  that  Pro¬ 
seal  727  plus  Quartz  failed  was  working  time. 

B.  Proseal  727  passed  every  electrical  test  performed. 

MATERIALS 

1.  EC  1293/1366,  manufactured  by  the  Minnesota  Mining  and  Manufacturing  Com¬ 
pany,  Dallas,  Texas. 


2.  Proseal  727 >  manufactured  by  Coast  Pro-Seal  and  Manufacturing  Company,  Los 
Angeles,  California. 


3.  Quartz,  Grade  P,  manufactured  by  Charles  P.  Crystal,  InC.,  New  York,  New  York. 

PROCEDURE 

1.  Preparation  of  encapsulating  material. 

a .  BC  1293  vas  prepared  by  mixing  twelve  grams  of  catalyst  BC  I366  per  one 
hundred  gi’ams  of  BC  1293  • 


b.  Filled  Proseal  72?  was  prepared  by  mixing  Proseal  727  and  quartz  at  a 
ratio  of  1:1  by  weight  and  adding  twelve  grams  of  catalyst  727A  per  one  hundred  grams 
of  727.  "Hie  catalyst  was  added  after  Proseal  727  and  quarts  had  been  thoroughly  mixed. 

2.  Testing;  Each  of  the  encapsulating  materials  was  tested  as  follows: 

a .  Physical 

(1)  Working  time 

12)  Hardness 

13)  Shrinkage 

(i+)  Solids  content 

i5)  Mhesion 
6)  Corrosion 

7)  Low -temperature  flexibility 
b.  Electrical 

(1)  Resistance  to  arc:  Not  performed  due  to  lack  of  equinnent. 

(2)  Dielectric  strength 

(3)  Dielectric  constant  and  power  factor 

(4)  Volume  and  surface  resistivity 

(5)  Insulation  resistance 

(6)  High-potential  resistance 

(7)  Humidity  resistance 

(8)  Moisture  resistance 

(9)  Vibration  resistance 

(10)  Flame  resistance 

(a)  Overload  of  wire 
(b)  Open  flame 

RESULTS 

Results  of  these  tests  are  shown  in  Tables  I  and  II . 
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TABLE  I 


PHYSICAL  TEST  OF  MATERIALS  FOR  USE  AS  ELECTRICAL  ENCAPSULATION  CCMPCUNDS 


SEALANT 

WORK  LIFE 

%  SOLIDS 

HARDNESS 

SHRINKAGE 

SC  1293 

6  HRS. 

99.h2fio 

35 

. 

727  ♦ 
qUARTZ 

Uo  MIN. 

98. 27^ 

65 

6.30^ 

REi^ISTANCE  TO 

LOW 

SEALANT 

PEEL  STRENGTH 
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TEMPERATURE 

FLEXIBIUTY 

EC  1293 

20  IB  COHESIVE 
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NONE 

PASSED 

727  ♦  QUARTZ 

9  LB,  SCREEN  FAILURE 

NONE 
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THERMAL  COMDUCTIVm  OF  A 
BRAZED  8TAIHLEB8  8TEaL  HOflETCOMB  SAinWICH  PAEEL 

iifTRODucnoir 


Data  (»  tbanaal  cooductanca  of  brazed  stainless  steel  bcmeycoBb  sandwich 
panels  are  required.  While  the  thexnal  conductivity  can  often  be  calculated 
by  appropriate  heat  transfer  analyses ,  it  is  beliered  that  actual  test  data 
sue  necessary  to  detemine  tbs  ralldity  of  ealciilated  data. 

The  CVC  fabricated  brazed  hoceyeanb  sandwich  panels  were  sobnitted  to  Southern 
Research  Institute  for  tbansLI  cooduetlvlty  deteminatioas .  Because  of  ex- 
casslre  wanpage  of  these  panels  at  large  tenperatiire  differentialc,  Southern 
Research  was  able  only  to  provide  tbexval  cooduetlvlty  data  at  relatively  lav 
tsaperature  differentials  with  their  existing  equlpaent.  Since  a  ralatlvely 
large  taeparature  difference  across  the  psmels  vas  desired,  apparatus  was  fab-> 
rieated  at  CVC  vhieh  would  acoon^ish  thia  objective. 

OBJECT 

To  datexaiae  the  tbemal  conductivity  of  a  brazed  stainless  steel  honaycci^ 
sandwieh  panel  at  various  hot  face  tcoperatures  up  to  600*F  and  a  constant 
cold  face  teeperature  of  approzlMtely  225*F. 

COIICLIJBIOTB 


The  themsLl.  ccmductivlty  of  the  brazed  stainless  steel  hcneyeoab  sandwich 
panel  evaluated  vas  essentially  a  cozutaut  value  of  approxiaetely  9  to  10  Btu» 
in./ft.2-Hr. -‘F  at  various  hot  face  tenpentures  from  350*F  to  600*F  and  a 
constant  cold  face  temperature  of  approzlBKitely  225*F. 

The  silver  brazing  alloy  proved  to  be  the  prlaary  mode  of  beat  transfer.  This 
vas  due  to  the  fact  that  the  silver  brazing  alloy  bridged  across  the  panel  by 
capillary  action,  during  the  brazing  cycle.  In  the  node  areas  of  the  honey- 
cosib  core. 

The  thexnal  conductivity  of  any  silver  brazed  honeyconb  sandwieh  panel  will 
depend  to  a  large  extent  upon  the  anount  of  silver  in  the  node  areas  of  the 
honeyconb  core. 


MJCERIALS 


Brazed  noaeycamb  Panel  — 

The  panel  was  a  12"  x  12"  x  0.^32"  brazed,  PH15-7>^  stainless  steel 
honeyconb  with  ncsalnaJ  0.01b"  PHl^-TMo  stainless  steel  faces.  The  honeyconb 
foil  vas  noadnsLl  0.0019"  thickness  having  3/1^"  cdU  spcMing.  The  brazing 
foil  was  a  9S.^  silver,  7*3?^  copper,  and  0.2^  lithlua  alloy  0.002"  thick 
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prior  to  tracing.  Tte  finish  on  the  faces  vas  that  vfalch  resulted  fron  the 
"as  rolled"  condition  and  the  brazing  cycle  hesrt  treataieat. 

The  tharaal  coodiwrtance  of  the  braced  stainless  steel  honeyconb  sandMleh  panel 
vas  detezained  using  a  vapor  calorlneter  apparatus  designed  and  fabricated  at 
CVC.  The  vapor  celoriaeter  type  a]^eratu8  was  chosen  for  this  work  because  it 
vas  believed  that  inherent  varping  of  the  panel  at  large  teiqperature  differen- 
tials  vould  not  affect  the  test  results.  Warpage  can  seriously  affect  the 
test  results  vhen  apparatus  enjoying  rigid  beating  and  cooling  plates  is 
used.  In  the  vapor  calorlneter  apparatus,  the  hast  flux  through  a  test  sec¬ 
tion  (sandwich  panel)  of  the  ealoriaeter  is  detenlned  fron  the  weight  of  con¬ 
densate  collected  In  a  given  period  of  tine,  and  the  latent  heat  of  vaporiza¬ 
tion  of  vater. 

In  the  vapor  calorlneter  apparatus  (Figure  1)  a  brazed  stainless  steel  sand- 
vich  panel  vas  welded  to  end  ccaiprised  the  bottOD  section  of  a  calorlneter 
which  vas  vented  to  the  ataosphere  through  two  air-cooled  reflux  eondettsers. 

A  center  or  netering  calorlneter  of  known  cross -eectlonal  area  vas  synaetrl- 
cally  affixed  to  the  center  area  of  the  panel  resvdtlng  in  equivalent  guard 
areas  on  each  of  the  four  sides  of  the  netering  calorlneter.  The  joeterlng 
calorlneter  vas  fitted  with  a  coodeaser  tube  leading  to  the  outside  where  the 
tube  vas  cooled  with  ice  vater  and  the  distillate  collected  in  a  voluoertric 
flask. 

The  entire  bottcan  face  of  the  boneyconb  panel  was  radiantly  heated  using  two 
har.ks  of  eight  GH  T-3  quartz  lampe  fitted  with  gold-plated  reflectors.  These 
lanps  ware  placed  aiproxinntely  l4  inches  belov  the  specLnen  surface  to  adni- 
mlze  gradient  effects  across  the  speciaen  face.  The  hot  face  tnaperature  was 
controlled  by  neans  of  a  Research,  Inc.,  ignition  controller  (Flgiire  2). 

Specinen  surface  tenperatures  were  sionitored  using  ehroDel -alunel  thezaio- 
eouple  wire.  The  ends  of  the  theznocouple  wire  were  spread  and  spcrtvelded  to 
the  specinen  faces  to  insure  good  contact  and  to  aininize  filn  effects.  The 
thezBocoviple  leads  on  the  hot  face  surface  were  coated  with  sauereisen  ceaent 
in  an  attenpt  to  reduce  excessively  high  readings  due  to  radiant  heat.  The 
leads  CR3  the  cold  face  surface  were  coated  with  a  thin  epo^  coating.  Various 
areas  on  both  sides  of  the  panel  were  nanltored.  (Figure  l). 

Before  initiating  a  test  run,  vater  is  placed  in  both  the  guard  and  netering 
ealoriaeter  areas  of  the  vapor  calorlneter  apparatus.  When  this  water  reaches 
steady -state  conditions,  at  its  boiling  point,  a  very  high  degree  of  distilla¬ 
tion  efficiency  and  a  very  lov  beat  loss  in  the  netering  calorlneter  should  be 
achieved.  This  is  due  to  the  fact  that  the  vater  in  the  guard  area  and  its 
vapor  phase  and  the  vater  In  the  caLLorlaeter  and  its  vapor  phase  would  all  be 
at  approxlaately  the  same  tenperature. 

After  assesbllng  the  apparatus  radiant  heat  vas  applied  to  the  brazed  honey- 
eonb  panel  section  until  the  entire  apparatus  had  cone  to  equlUbrluB.  The 
desired  hot  face  tenperature  vas  pre-set  and  raaintained  by  the  Ignition  om- 
troller.  Steady-state  conditions  were  detemined  by  constant  tenperature 
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readings  <cm  both  the  hot  and.  cold  faces  of  the  brazed  panel  and  by  a  steady 
distlHatloa  rate  of  the  water  fron  the  Beterlng  ealorleeter.  In  all  deter- 
sdnatioas,  at  least  ^  nl  of  water  was  distilled  prior  to  beginning  the  tined 
test  run. 

During  the  test,  all  tbexsKMOuples  were  read  at  approzlBately  ^-cinizte  inter* 
rals  to  asoertain  that  steady-etate  conditions  existed. 

The  distillate  was  collected  for  an  accurately  tiaed  Interral  of  30  to  60  Bin- 
utea.  Upon  eoapletion  of  the  test  run,  the  distillate  was  allowed  to  eaeoe  to 
room  toQMrature  and  the  voluae  accurately  datexmined. 

Knowing  the  hot  and  cold  face  tangperature,  voluse  of  distillate,  time,  heat 
of  vaporization  of  bolllBg  water,  area  of  the  metering  calorimeter,  and 
thickness  of  the  panel,  the  thezuml  conductance  of  the  paaal  was  calculated 
at  aach  tes^rature  condition.  See  Table  I  for  results. 

RBBULTS 

Table  I  shows  the  difference  in  thermal  conductivity  values  that  were  obtained 
using  separate  thermocouples  and  recorders  to  neasure  the  hot  face  temperatures. 
One  of  the  hot  face  thexmocouples  led  to  the  ignltron  temperature  controller, 
which  actually  controlled  the  temperature  of  the  hot  face,  and  the  other  led 
to  a  nultichaiittel  recorder.  These  recorders  were  calibrated  against  each 
other  and  with  both  a  sdllivoltaeter  and.  a  calibrated  thermometer  over  the 
effective  tssgperature  range.  It  is  likely  that  the  diffcurence  in  hot  face 
tenpersture  readings  was  due  to  the  inherast  difficulties  which  exist  in 
aeasurlag  surface  teaperat\.\re8.  Another  possible  cooctrlbutlng  factor  for 
this  discrepancy  is  that  the  temperature  gradient  across  the  hot  face  say  bsnre 
bean  greater  than  expected. 

The  thermocouples  the  cold  face  of  the  pa.nel  were  coated  with  a  thin  epoxy 
film..  In  looking  nt  this  coating  in  retrospect,  it  was  realized  that  the  film 
would  prevent  free  cooling  of  the  thermocouples  by  the  water.  Figure  3  vss 
used  to  correct  the  cold  face  thiumocouple  readings. 

It  is  interesting  to  note  that  the  thexaal  conductivity  values,  esgployiiig  the 
vapor  calozlmeter  apparatus,  showed  an  Increase  with  a  i^rresponding  decrease 
in  hot  face  teapemture  and  teaperature  drop  across  the  specimens .  By  con¬ 
trast,  similar  braised  patuils,  tested  by  SoutheaReseaLrch  Institute  employing 
an  ASTM  C177  guarded  hot  ]date  apparatus,  showed  an  increase  in  conductivity 
with  a  corresponding  increase  in  lu>t  face  teaqierature  and.  tasparature  drop 
across  the  specimen.  In  addition,  values  obtained  by  the  vapor  caloxlaeber 
method  proved  to  be  louch  higher  than  those  obtained  with  the  guarded  hot 
plate  apparatus.  However,  different  brazed  honeycomb  sandwich  panels  were 
used  In  these  two  tests. 

The  discrepancies  mentioned  above  led  to  a  metallographlc  excasdnatlon  of 
another  brazed  honeycomb  sandwich  panel  in  an  attempt  to  explain  the  heat 
transfer  eharacterlstlcs  of  this  type  of  constructlcxi. 
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Visual  aanniDatlon  of  this  panel  showed  that  a  solid  eolusn  of  silver  hratxiJiig 
alloy  extended  eonpletely  across  the  psusal  along  the  nodes  of  the  boaeTeeaft) 
cells.  A  portion  of  this  panel  was  sectioned  parallel  to  the  faces  at  the 
Bidpoint  of  the  thickness  of  the  speclsnn  and  novated  for  aetallogrephle 
stvidy.  This  cross •eectlon  bad  an  appearance  as  showa  in  Figure  k.  Tbs  cross-* 
saetional  area  of  the  silver  hraxing  alloy  in  ▼arl.oua  node  areas  of  this  sec> 
tioQ  Is  sboim  in  Table  II. 

The  cross -seetloaal  area  of  the  silver  hraxing  alloy  la  the  speelnea  exsiaiaed 
proved  to  constitute  approxinetely  2lit  of  the  total  astallle  cross-sectional 
area  of  the  core.  Therefore,  the  stainless  steel  hoaeyecnb  cell  walls  accounted 
for  1.9^%,  the  brasing  ivLloy  0.51^,  and  the  air  spaces  97-53)^  of  the  total 
cross -seetiaaal  area  of  the  cure. 

Since  the  silver  brexlag  alloy  conducts  heat  at  a  rate  of  aptproxlnately 
20  tines  that  of  the  PH13-7Mo  steel  and  approxinetely  10,000  tines  that  of  air, 
a  algnlfleaat  anouat  of  heat  would  be  traosfarred  acroea  the  silver  braxiag 
alloy  in  theaDda  areas. 

The  foUowlBg  caleiilatioas  show  that  the  brasing  alloy,  at  22.$  of  the  total 
natallie  cross -sectional  area  of  the  core,  would  coodtet  approxlnataly  7^ 
of  the  total  beat  across  the  panel  at  a  hot  face  teeipereture  of  6oo*F  and  a 
cold  feee  tenpezeture  of  23O*?: 

1.  Heat  Flow  by  Coflduction: 

Q  -  ^  -  '^^2) 

t 

Q  •  rate  of  beet  flow,  Btu  per  hour 
K  ■  themal  eoeductlvlty,  Btu-in./ft.^-hr-*F 
T^^  B  hot  face  teopenrture 

T2  *  cold  face  teaperature 

t  c  thickness 

A  B  area 

a.  q( silver  at  lH5*F)  *  x  0.21  x  JfO’F  _ 

0.5 

_ _ _  _ _ _  124  X  0.023  X  0.79  X  370*F 

b.  Q(PH15-7Mo  foll-4l5*F)  «  - ^ ^ ^ -  -  1670  Btu 

0.5 


Heat  now  by  radiati(»  and  conduction  in  the  eell\ilar  air  spaces  of 
the  booeyeanb  core; 

s.  Radiation: 


Q  1,2 


A  .  o-  (Ti^  -  T2^) 


5(» 


2. 


Physical  Propertias 
Stainless  Steel 


Q  a  rate  of  beat  flov^  Btu  per  hour 

(p  a  eonstant  (0.173  *  10"^) 

B  teaQMrature  hot  face  in  *F 

a  taBotcratura  cold  face  in  *F 

^  1  >  eadasiTity  of  inside  surfaces  of  hot  and  cold  faces 
(asstaaed  to  be  0.1  as  these  surfaces  vere  highly 
^  ^  reflectire) 

Q  (air  at  4l5*P)  -  (l) (0.173  x  10‘^)(1060^  -  690**)-^ — ^ 

+  -i. 

.1  .1 

»  89  Btu 


b.  Coarectlon; 


Q  -  (h)(HR)(Ft2)(Tj.  -  T2) 


h  «  Ck 


vtaere 


a  (Ti  -  Tg) 

L 


1/4 

2 

/£_£b 


Q  a  rate  of  beat  flow,  Btu  per  hour 
h  »  heat  transfer  coefficient,  Btu/HR-Ft^-*F 
g  «  grarity  in  ft/hr^ 

C  3  natural  conveetlou  caostant 
k  a  condiictivlty  of  air  at  4l5*F,  Btu/Hr-Ft-"“F 

Tj  =  hot  face  temperature  In  *R 
T2  “  cold  face  tesgperature  in  *R 

L  *  characteristic  length  of  core,  ft. 

P  «  density  in  lb/ft3 
~Ci  «  dyaandc  vlscoelty  Ib/hr.-ft. 

Cp  «  specific  liest  in  Btu/lb.-*F 


(1) 


Solrlng  for  a  : 

^  .  (2)(32.17)C36oo^) 

1060  +  690 

-  16.7  X  10^ 


(0.o4$^*)(0.24^) 
(0.064)  (0.022) 


(2)  Solrlng  for  h  : 

h(alr  at  415*F) 


♦Value  at  415* F  for  air  at 
ataospheric  pressure.  The 
atnosphere  and  the  pressure  Inside 
the  cells  is  unknovn. 


(0.7)(0.022} 


16.7  X  10  (1060-690) 
0.0113 


4.16 
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(3)  SolTing  for  Q  : 


Q  -  {h)(HR)(7t^)(Ti  -  T2) 

Q  -  (1*.16)(i)(1)(370*)  -  7^ 

TlMB,  pexeoort  of  beat  traaafcr  by  silver  eonduetion 

9250  ♦  ^9  +  15^  " 

The  uaeaqpectadly  larga  anouat  of  silver  found,  la  the  nodes  gave  rise  to 
axaeinetioa  of  a  longltudlaal  cross -section  of  a  brased  speciaen.  This 
ero88>8eetlan  aboaed  that  the  silver  hraxlag  alloy  filleted  at  the  butt- 
joists  of  the  hoaeyeaiBb  foil  -  braslag  alloy  interface  ms  shova  in  Figure  5> 
The  average  hei^it  of  the  fillets  vas  approxiaately  0.02"  and  poreseateid 
cross -sectloaal  areas  as  shown  in  Table  III.  It  is  believed  that  the  fU- 
letlag  aetloa  of  the  silver  brazlag  alloy  will  tend  to  Increase  the  themal 
conductance  of  a  brazed  panel  by  offerlag  little  resistance  to  beat  flctv 
along  the  effeetlva  height  of  the  fillet.  However,  this  effect  was  not 
Included  In  the  heat  transfer  calculations. 

Tha  conductivity  of  silver  decreases  with  an  laeraase  In  tsaqperature  end  the 
cooductlvlty  of  steel  increases  with  an  Increase  la  tesqterature  as  showa  In 
Figure  6.  Since  the  silver  Is  the  better  conductor  and  the  steal  is  of 
greater  voluse,  calculations  show  that  the  themal  oonductlvity  of  brazed 
alloy  iMnels  Is  essantlally  a  coastaat  value  at  various  taoqperature  drops 
with  various  anounts  of  silver  la  the  cross-sectional  area  of  the  booeyeoBd) 
core  (Figure  ?)• 

It  is  believed  that  the  anouat  of  silver  in  the  node  areas  of  the  honeyconb 
will  vary  appreciably fiioai  penal  to  panel  and,  perhaps,  evea  in  tie  sine 
panel.  Since  the  thenoal  eoaductivlty  of  a  honeyecntb  panel  will  depend,  to 
a  large  aztwt,  upon  the  cross -eeetloeal  axes  of  the  silver  at  tie  oidpolnt 
of  the  thickness  of  the  honeyconb,  the  themal  cooductlvlty  nay  vary  appreci¬ 
ably  froo!  panel  to  panel.  Figure  8  was  prepared  to  show  the  cban,^  in  ther¬ 
mal  conductivity  of  brazed  panels  that  would  occur  with  a  change  of  silver 
brazing  alloy. 


TAHLB  I 
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(a)  Ignitroti  Tamperatura  ControUar 
(l))  Multichannel  Recorder 

*  Corrected  cold  face  teanparatures  (sac  Figure  3) 


TABLE  II 


CROeS-eBITKMUIL  AREA  OP  SILVER  BRJKDR  ALLOY  IH  EKHODfCOMB 


Atm  of  SlTlar 
la  TrlanglM 


8A  X  l(r5 
15.0  X  10*5 

9.6  X  icr5 

10.2  X  10“5 

6.5  X  10"5 

4.8  X  10~5 

7.2  X  10"5 

5.4  X  10"5 

2.9  X  10"5 

11.1  X  10-5 

12.8  X  10-5 

7.2  X  10-5 

10-7  X  10-5 
7-2  X  10”5 

13.2  X  10’5 

3.4  X  10‘5 

2.4  X  10-5 

14.4  X  10-5 

10.4  tf  10-5 

13.6  X  10-5 

11.8  X  10"5 
13.0  X  10"5 

7.2  X  10 
3.0  X  10-5 

14.3  X  10-5 
7.0  X  10-5 

17.7  X  10-5 
4.0  X  10‘5 

13.0  X  10-5 

11.4  X  1C5 


|•T^7TTJ^I 


Arerase  Am  of  Silver 
la  TrlaaclM  of 
Eaeh  Koda  Szasstaed, 
Ia.2 


11.7  X  10" 


9.9  X  10-5 

5.8  X  10-5 

6.3  X  10-5 


7.0  X  10-5 


10.0  X  10-5 


9.0  X  10-5 


10.8  X  10-5 


8.4  X  10-5 


12.0  X  10-5 


12.4  X  10*5 


5.1  X  10-5 
10.7  X  10-5 

10.9  X  10-5 

12.2  X  10-5 


Avera^  area  of  silrer  triangles  in  all  nodes  axaaiaed  •*  9*5  *  10  ^ 

A  B  denote  adjacent  nodes.  Section  taluna  froei  ajiproxinately  the 
Biddle  of  the  core. 


TABLE  III 


LONGITUDINAL  CROSS -SECTIONAL  AREA  OF  SILVER 
BRAZmO  ALLOY  FILLET  AFTER  BBAZDC 


Node 

Area 

Silver 

Triangular 

Joints 

Area  of  Silver 
in  Triangles 

In.^ 

Arerage  Area  of  Silver 

In  Trlan^es  of 

Bach  Node  h  n^d 

In.2 

1 

A 

1.4  X  10-^ 

1.5  X  10*^ 

B 

1.6  X  10“^ 

2 

A 

1.4  X  10"!* 

1.1  X  10”^ 

B 

0.8  X  10*^ 

3 

A 

2.0  X  10“j* 

1.0  X  10“^ 

1.5  X  10"^ 

B 

L 

A 

1.6  X  lO"!*^ 

1.3  X  10“^ 

B 

1.0  X  10"'*' 

5 

A 

-4 

2.2  X  10  7 

1.6  X  10"^ 

B 

_ P,ta  _ 

Arerage  area  of  silver  triangles  in  all  nodes  exaadned  (bottoia  side)^ 

-  l.L  X  10-^ 


1 

A 

1.8  X  lO-J 

0.7  X  10-^ 

B 

0.6  X  10'^ 

2 

A 

0.4  X  lO’j^ 

0.7  X  lO"^ 

B 

1.1  X  10"^ 

3 

A 

1.0  X  10"!^ 

0.3  X  10-^ 

E 

0.5  X  10-^ 

li 

A 

0.5  X  10*!^ 

0.6  X  lo"^ 

B 

0.7  X  10*^ 

5 

A 

0.9  X  10"j* 

1.0  X  10"^ 

B 

1.0  X  lO*'^ 

_  — _ _ 

Average  area  of  silver  triangles  in  aH  nodes  exanined  (top  side) 

=  0.7  X  10*^ 


A  and  £  dezuTte  adjacent  nodes 

Average  height  of triangular  fillet  »  0.020" 


b\ 


HgO  vapor  area 


GE  T-3  Quartz  Lamps  and  Reflectors 


FIGURE  2 


SCHEJ4AIIC  OF  POWER  CONTROL  SYSTEM  EX)R 
RADIAIJTLY  HEATING  BRAZED  HONBYCC»4B  PANEL 


iHtAvT  TT2A.k)i^EyZ_  taeF|^iapkJr,  .4  SpTLl  /Ht  -. 


riGURE  4- 

APPEWiAMCE  OP  MIDSECTOJ  OF  BR/^iED 
MOKiEYCOMB  CORE  M/sO’ERlAL 


FIGURE  5 

APPEARAMCE  of  LOMGITUDIMAL  CROSS  SGCTIOM 
OF  BRAZED  UOMEYCOMB  SAMDWICW  PANEL 


TEMfgaM-Ug-g 


TEMPtgWU>eS 
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Pbysieal  PropsrilM 
StMl 


COflROBIOl  AHD  HKCmUL  SVALU/fflOV  OP  ALJLOY  STSB.  SilMFUSS 
SUPPLIED  m  ViUlADIUM-ALLOYB  STEa.  COMPiUTT  JOB)  JJttSOBS  ffCm.  COMPAIY 
fB  ALTERXATB  MATERIALS  TOR  HHKAULIC  VALVES 


DlgRODUCnOB 

In  an  effort  to  allerlate  the  pTObleae  eseoeiated  with  ■anufaeturlng  power 
control  eervo-TelTee,  two  steel  coepenlee  etdaoltted  saagpLes  of  tool  steels 
for  eralustlaii  as  possible  repleeaeents  for  tbs  4400  steel  alloy  non  rtaeTnly 
nqloyed.  Tbs  steels  suloltted  sere  MBR  punch  and  die  steel.  Heat  Ro.  37^U>; 
OljL^e  PM  die  steel.  Heat  Hb.  1^908;  Select  B  die  steel.  Heat  Ho.  Id068;  Jet 
Forga  tool  steel.  Heat  Ho.  301dl;  Vasco  7152  tool  steel.  Heat  Hb.  28832;  and 
CK  special  tool  steel.  Heat  Bo.  29660. 

OBJECT 


1.  To  dstexnine  eorroeion  resistance  eoagared  with  kMOC  vben  tested  accord¬ 
ing  to  ailitary  specifications  MIL-E-3272A,  AeanAiient  1. 

2.  To  detemlDe  ■iezostr\Mrt\ire  for  indication  of  effect  of  beat  traataant  on 
■ochanical  properties. 

CCWCLUBIMB 

1.  Tbe  Jet  Forge  and  Vasco  7152  steels  exhibited  corrosion  properties  coai- 
parable  to  AISI  i»tOC.  Tbe  corrosion  prcverties  of  tbe  other  steels  are 
not  equiralent  to  those  of  kkOC. 

2.  The  precipitation  of  carbides  in  tbe  grain  boundaries  of  the  two  steels 
after  heat  treatesnt  is  not  acceptable  beeawe  of  a  reduction  in  tbe 
resistance  of  tbs  naterial  to  intergranular  corrosion. 

MATERIAL  AMD  SPHCDCaC 
Material  Heat  Hiasber 


MQR  inineb  and  die  steel 

376ID 

Olympic  PM  die  steel 

1U906 

Select  B  die  steel 

18008 

Jet  Forge  tool  steel 

30181 

Vasco  71^  Tool  steel 

28852 

CK  Special  tool  steel 

296k) 

PROCHXJRBS 


1.  Three-inch  lengths  of  the  sanple  naterial  sere  roug^  nachlned  and  beat 
treated  to  the  300,000  pel  range  (RoOnell  58-60}  using  procedures 
presented  in  Table  I. 

2.  Tbe  heat  treated  saeples  were  groiad  to  a  surface  finish  of  BM3  32. 


3.  Th«  sotples  wur*  placed  in  a  bwidlty  ehaaber  for  2to  houra  at  a 
huaddlty  of  9^  and  taaiparatures  as  set  forth  by  peraeraph  4.U.1  of 
adlltary  ftpeelfleatlon  MIL-E-5272A,  Aanodwairt  1. 

RESULTS 

Table  I  presents  the  heat  treataant  used  on  the  eorroelcm  speeiaens.  The 
cosiposltian  of  the  tool  steels  suboitted  for  eraluatioa  Is  preacnted  la 
Table  II. 

The  sanples  of  Vasco  7132  and  Jet  Forge  steels  appeared  to  hare  better  eor> 
rosion  resistance  than  any  of  the  steels  tested,  and  equal  to  that  exhibited 
by  AISI  bi(OC.  Howerer,  the  nlerostructurc  of  the  steels  after  heat  treat - 
nant  is  unsatisfactory  because  of  the  algratlon  of  carbides  to  the  grain 
boundaries.  Although  the  corrosion  properties  of  the  other  steiilB  sere  not 
equal  to  those  of  hMcc,  two  of  thee  did  exhibit  good  sdcrostrueture  after 
heat  treateent.  Both  of  these  steels  hare  a  unifom  martinsltlc  nicro- 
strueture  with  vell-distrlbxited  carbides  and  no  erldenee  of  grain  boundia7 
outlining. 


TABLE  I 


HEAT  TREXHtair  BBED  OH  TOOL  STEEL  CORB06I0H  SPECIMENS 


Prvhtiat 

SaECT  B  PM 

JET  FORCE 

CK  SPECIAL 

VASCO  7152 

1250*P 

.  . 

1200-50*? 

1200-lil00“P 

1550*P 

1550*P 

1550*? 

AU8t«llltiM 

1825 -50*p 

1825 -50*P 

1725 -1750*? 

1925*? 

1850-75*? 

1925-50*P 

TIm  at  Taiiv. 

1  Inch 

1  hour 

1  hour 

1  hour 

3/^  hour 

3/*»  hour 

3/^  hour 

Quench 

Air 

Air 

Air 

Air 

Air 

Air 

Tawipartng 

Ta^paratura 

1»00“F 

500*P 

500*  F 

1000**  F 

350*? 

925*? 

TaBqperlng 

Tiae 

5  +  5  hr. 

5  +  5  hr. 

5  +  5  hr. 

5  +  5  hr. 

6+6  hr. 

6+6  hr. 

TABLE  II 

COMPOeiTION  OF  TOOL  STEaS  SUBMITTED  FOR  EVALUATION 


B 

M3R 

0.55c  5.00Cr  1.20  Mo  1.20  W  O.3O  Mn  0.95  81 

fl 

Olyapic  PM 

I.5OC  12.00Cr  0.75  Mo  1.00  V  0.30  Mn  O.3O  Si 

B 

Select  B 

l.OOC  5-25Cr  1.10  Ffo  0.25  V  O.7O  Mn  O.3O  SI 

B 

Vasco  7152 

1.70c  17.50Cr 

5 

Jart  Forge 

0.1»5C  a.OOCr 

CK  Special 

0.85c  10.75Cr 

11 


Riysical  Propertlea 
Zlrconia 


ZIRCCWIA  MELniW  POIHT  DETERMIHAIIOlf 

IlfERODUCErON 


One  of  the  principal  requirements  of  a  material  for  nose  cone  application  is 
a  high  ffieiting  point.  Hie  purpose  of  this  evaluation  is  to  determine  the 
melting  point  of  a  series  of  zlrconia  and  zircon  materials. 

IVelve  zlrconia  compounds  and  two  zircon  compounds  were  submitted  to  the 
Structures  Materials  Laboratory  for  evaluation  in  the  40  KW  Plasma  Arc 
Facility. 


OBJECT 

To  determine  the  melting  point  of  several  zlrconia  and  zircon  materials. 

COBCUJBION 


Ihe  melting  point  of  fourteen  materials  was  determined  and  relative  emisslvlty 
values  were  calculated  at  the  melting  point.  The  melting  point  range  of  the 
zlrconia  materials^  was  k^80  to  U800*F. 

MATBRIALS 

The  zlrconia  materials  listed  in  Table  I  were  purchased  from  Zirconium  Corporation 
of  America  and  the  Astroceram  A  and  B  materials  were  received  from  Instrumentation 
Associates . 


FRCCgCCRE 

1.  All  specimens  were  tested  in  duplicate  except  the  8^  yttria,  lime  and 
the  Astroceram  A  and  B  cements, 

2.  The  0.5  inch  diameter  x  1.0  inch  long  specimens  were  mounted  perpendicular 
to  the  40  KW  plasma  flame  and  held  in  position  with  a  zlrconia  brick. 

3.  The  temperature  was  measured  using  both  the  radiation  and  optical 
pyrometers .  The  pyrometers  were  mounted  as  a  single  unit  to  allow  the 
instruments  to  be  focused  on  approrlnately  the  same  area. 

4 .  Bie  torch  was  moved  in  at  intervals  of  0 .06  inches  when  the  temperature 
approached  the  melting  x»int. 


5.  The  melting  point  was  defined  as  the  flow  of  molten  material  at  the 
sample  surface  as  observed  through  an  optical  pyraneter. 

6.  The  relative  emissivity  was  determined  by; 

(a)  Measuring  the  temperature  difference  between  the  optical 
and  radiation  pyrometers . 

(b)  Reading  the  emissivity  off  the  parametric  graph  which  was 
derived  froci  the  emissivity  correction  data  for  each  of  the 
instruments . 

RESULTS 

1.  The  results  of  the  proceeding  test  are  tabulated  In  Table  I. 
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TABLE  I 


MELTIMG  POniT  DATA  OP  ZIRCOHIA  AHD  ZIRCON  MATHRIAIS 


sracmar 

MMBBl 

MELnW  P 

oiirc  -  •v 

SAMPLE  D£9CRIFTI0N 

OPTICAL 

BAIUAXIOH 

EKISSIVITr 

1 

Zlrconla  CaO  -  Coarse  Molded 

4720 

4450 

0.74 

2 

Zirconla  +3>  CaO  -  Coarae  Molded 

4720 

4400 

0.70 

3 

Zirconia  CaO  -  Coarse  Molded 

4580 

4190 

0.64 

4 

Zirconla  CaO  -  Coarse  Molded 

4640 

4400 

0.77 

5 

2ilrcoiila  +4^  CaO  -  Coarse  Extruded 

4660 

4400 

0.79 

6 

Zirconia  CaO  -  Coarse  Extruded 

4640 

4300 

0.69 

7 

Zirconia  CaO  -  Fine  Molded 

4660 

4225 

0.62 

8 

2iiroonlf-  44^  CaO  -  Fine  Molded 

4680 

4475 

0.80 

9 

2iirconla  451^  CaO  -  Coarse  Molded 

4660 

4450 

0.80 

10 

Zirconia  45>  CaO  -  Coarse  Molded 

4640 

4400 

0.78 

11 

Zirconia  44-^  CaO  43lt  CeO^  -  Coarse 

Molded 

4680 

4430 

0.76 

12 

Zirconia  44-^  CaO  CeO  -  Coarse 

2  Molded 

4680 

4350 

0.69 

13 

Zirconia  44^  CaO  -  Cement  Molded 

4680 

4350 

0.66 

14 

Zirconla  431^  ^2^3  -  Coarse  Molded 

4760 

4400 

0.67 

15 

Zirconla  43lt  12^3  "  Molded 

4760 

4425 

0.69 

l6 

Zirconia  48^  YgO^  -  Coarse  Extruded 

47*40 

• 

• 

17 

Zirconla  Yg  0-^  -  Coau'se  Extruded 

4700 

* 

m 

18 

Zirconla  412^1  Y2O-  -  Coarse  Molded 

4800 

4325 

0.60 

19 

Zirconia  412^1  I2O3  -  Coarse  Molded 

4800 

4475 

0.70 

20 

Zirconia  48^  i^eO  -  Coarse  Molded 

4760 

• 

• 

21 

Zirconla  ^  YpO.  43ll  CeO  -  Coarse  Molded 

4780 

« 

22 

Zirconla  48^^  T2Ci>  -  Cement  Molded 

478c 

4600 

0.82 

23 

Astroceram  A  -  Cement 

3820 

3600 

0.74 

24 

Astroceram  B  -  Cement 

3840 

3625 

0.75 

*  Nozzle  of  torch  blanked  off  radiation  pyrometer 
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PHYSICAL  PROQPBRTY  TESTS  OB  SIMTERED  ZIHCOMIA 


mTHODUCnOB 

To  better  .  aderstand  th«  bebarlor  of  sintered  xireoola  at  elevated  teniperaturea, 
the  follovlBg  properiles  need  be  obtained:  apparent  poroeity,  impervious  vol> 
vna,  and  bulk  density.  This  data  should  be  Bade  available  so  that  a  eorrelatitm 
can  be  Bade  with  themal  response  and  physical  stren^h  data. 

Ultiaately,  paraaMrters  established  on  test  data  and  physical  property  neasure- 
Bents  would  enable  design  of  theinal  insxilatioo  systssw. 

OBJECT 

To  deteznine  the  physical  properties  of  zireoa  sintered  zireonia. 

COilCLUSIOBS 

The  apparent  porosity,  impervious  volwe,  and  bulk  density  were  sxasceesfully 
detezBined  for  20  slreonia  Baterials. 

MATERIALS 

All  Bstarlale  naasured  wsrt  obtained  froB  Eireoa  Corporation  of  Anarica,  Solon, 
Ohio.  Sae  Tabla  I  for  tabulation  of  Batarials  exsadned  in  this  survey. 

PROCEDURE 

The  procedures  followed  in  this  test  are  as  outlinad  in  reference  (a).  A  con- 
densad  outline  of  this  procedure  ia  as  foUovs: 

A.  Dry  Weight,  D  .  Weight  all  speciBtn  initially. 

B.  laqpregnation  with  water.  Boll  weighed  speelBsne  in  distilled  water 
for  5  houra.  Allow  to  cool  and  soak  for  an  additional  2k  hours. 

C.  Suspend  Weiid>^,  •  Weight  speciBsns  iBBSraed  in  water  to  obtain 
saturated  dlaplaeeseot  weight. 

D.  Saturated  Weight,  W  .  Blot  apeclBene  lightly  with  a  damp  cloth  to 
rsBove  excess  water  fron  siirfsce  and  wei(d^. 

E.  Caleulatioos  were: 

1.  Exterior  Voluas,  V  eu.  ea. 

V  -  W  -  8 

2.  VolxBM  of  open  pores  and  iapervlous  portion 

Voluee  of  open  pores,  eu.  cm.  >  W  >  D 
VolvBM  of  impervious  portion,  cu.  ea.  ■  D  -  S 


3.  Apparent  Porosity,  P  . 


^  W  -  D  .  . 

P  •  s  xOO  *  ^ 


4.  Water  Absorption,  A  . 


A  -  X  100  - 

TX  ' 


5«  Apparent  Specific  Gravity,  T  . 


*  D  -  S 
6.  Biilk  Density,  B  . 


ge/cu. 


B  -  ~  ges/cu.  ca. 

Conversion  to  Ibs./eu.  in.  -  O.036  x  0b/cu.  cm. 


RESULTS 

1.  Twenty  of  the  26  deslgtiated  materials  were  mmuBured  by  the  ASTM  procedure. 

2.  All  luiyslcal  property  data  are  tabulated 


in  Table  I. 
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De»c 

rlpt 

on 

ion 

— 

Dry 

Weight 

D  (gm) 

Intoersed 

Wei^t 

S  (g«) 

Saturated 

Weii^t 

V  (gm) 

u 

j  Vo 
IV 

! 

1 

_ L.,., 

r 

Specimen' 
No.  * 

t 

1 

StablllMtl 

Fabricatioi 

Texture 

■ 

Consistenc;/ 

1  8 

CaO 

Mo3.ded 

Coarse 

Hotaojranecinn 

15.05 

12.32 

15.84 

'  - 
!  3 

b  i 

hi  CaO 

Molded 

Coaret 

Homogeneous 

17 .06 

14.08 

17.74 

1 

1  ^ 

1 

C  j 

CaO 

Kxtruded 

FJ  ue 

Hceaogeneous 

12.21 

9. 09 

12.22 

'  2 

d 

CaO 

,exO  “■.Jed 

Coarse 

Hcanoi'eneoijs 

17.78 

14.67 

18,53 

3 

e  , 

ii  CaO 

MoJ^ded 

Coarae 

Heterogeneous 

16.49 

X3.59 

a.  j 

'  3 

,  f  ; 

1 

I2i, 

Holdfii 

Coarae 

Hccic>geneouft 

l4.t'li 

12.27 

15.71 

1  3 

h 

lixti-uded 

Coarse 

FksnogeneoLiS 

5.83 

4.84 

6.21 

!  1 

i 

i 

M  YoO, 

Mo  i.ded 

Cc>arse 

fieterogerMJOua 

.15.'^ 

13 .09 

16.53 

‘  0 

!  0 

k  ; 

! 

^  YgO^ 

i 

Ceiwsnt 

33  .93 

28.12 

37.27 

,  9. 

1 

4*  CaO 

r. 

■ut 

32.26 

26,53 

34.53 

! 

i 

i  ra  ; 

1 

8^  y^,03 

ilt  t  ruled 

Fine 

Haaogeneoua 

5  .'30 

4 .66 

5.81 

1. 

i  1 

;  2  a  i 

)  ) 

5'^  CaC 

Moid.efl 

Fine 

Homogeneous 

18.30 

14.64 

10.32 

3- 

;  b  : 

5i  CaO 

traded 

F^ine 

' 

Heroic  geneouB 

5.^ 

4,4^:> 

5.44 

1. 

■  d  ; 

4^  CoO 

Extnided 

i  Coarse 

• 

Horaogenrous 

10,78 

8.9c) 

n.26 

2. 

:  1 

f 

'  ®  i 

4$  CaO 

Molded 

!  Fine 

Homogeneotis. 

21.:24 

17.46 

21.26 

3. 

I  '  i 

Zi  CaO 

fixtriided 

!  Coarse 

1 

Homogeneous 

7.35 

6.13 

7.59 

1. 

i  g  ' 

i  1 

12^ 

■=  3 

Extruded 

I  Fine 

Homogeneous 

7-29 

6.05 

7.54 

i 

3^  ^2^2. 

Extruded 

'  Coarse 

He  ter  ogeneous 

6.73 

5.58 

7.07 

1. 

'  J 

h$  CaO, 

1 

! 

I 

3i  CaOo 

Molded 

Coarse 

Homogeneous 

11.59 

9.66 

12.45 

1 

! 

!  m 

1 

YpO^ 

! 

i 

4^  CaO^ 

f'foided 

1 

Coarse 

Homogeneous 

17.09 

i4.21 

17.93 

!  3- 

1 
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